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PREFACE 

Thx study of plants has assumed so many points of view that every 
laboratory has developed its own method of undergraduate instruc- 
tion. No laboratory attempts to include all the phases of work that 
may be regarded as belonging to botany; and .therefore each one 
selects the material and the point of view that seem to it to be the 
most appropriate for its own purpose. During the last ten years 
the Hull Botanical Laboratory at the University of Chicago has been 
developing its undergraduate instruction in botany to meet its own 
needs. Freed from the necessity of laying special stress upon the 
economic aspects of the subject, and compelled to prepare students 
for investigation, it seemed clear that its selection must be the funda- 
mental facts and principles of the science. Its endeavor has been 
to help the student to build up a coherent and substantial body of 
knowledge, and to develop an attitude of mind that will enable him 
to grapple with any botanical situation, whether it be teaching or 
investigation. It has been thought useful to present this point of 
view in the present volume. The material of course is common 
to all laboratories, but its selection, its organization, and its presenta- 
tion bear the marks of individual judgment. 

The three parts of the book represent the three general divisions 
of the subject as organized at the Hull Botanical Laboratory. They 
are felt to be the fundamental divisions which should underlie the 
work of most subdivisions of botanical investigation. For example, 
a study of the very important subject of plant pathology must pre- 
suppose the fundamentals of morphology and physiology ; paleobotany 
is, in part, the application of morphology and ecology to fossil plants ; 
and scientific plant breeding rests upon the foundations laid by 
morphology, physiology, and ecology. In our selection for under- 
graduate instruction, therefore, we believe that there has been in- 
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iv PREFACE 

eluded the essential foundation for most of the varied work that is 
included to-day under botany. 

We recognize that the presentation of the three great subjects here 
included is veiy compact, but the book is not intended for reading 
and recitation. The teacher is expected to use it for suggestive 
material and for its organization ; the student is expected to use it 
in relating his observations to one another and to the general points 
of view that the book seeks to develop. There is a continuity of 
presentation in each part, so that random selection may miss the 
largest meaning. For example, in the part on morphology, the thread 
upon which the facts are strung is the evolution of the plant kingdom, 
and each plant introduced has its peculiar application in illustrating 
some phase of this evolution. When certain groups are selected for 
laboratory study, therefore, the intervening text should be read. 

It is important to call attention to the fact that the book has been 
prepared for the use of undergraduate students. It does not repre- 
sent our conception of graduate work, which should include much 
that is omitted here. For example, the graduate student should 
be introduced to the original sources of information, which would 
involve an extensive citation of literature far beyond the needs of the 
undergraduate. Still less has this book been written for our profes- 
sional colleagues, who will notice what they may regard as glaring 
omissions. Such omissions must be taken to express a deliberate 
judgment as to what may be omitted with the least damage to the 
undergraduate student. The motive is to develop certain general 
conceptions that are felt to be fundamental, rather than to present 
an encyclopedic collection of facts. This purpose has demanded 
occasionally also a greater apparent rigidity of form in general state- 
ments than is absolutely consistent with all the facts ; but it was a 
choice between a clear and important conception for one with no 
perspective and a contradiction of large truths by isolated facts, result- 
ing in confusion. For the same reasons, the extensive terminology 
of the subject has been kept in the background as much as possible. 
Definitions usually are made an incident to the necessary introduc- 
tion of terms. It is assumed that in so far as the definite application 
of a term may not seem clear, the student will find a compact defini- 
tion in the current dictionaries. 



PREFACE V 

For the benefit of the teacher and of our professional colleagues, 
it should be stated that much attention has been given to the avoid- 
ance of any phraseology that might involve a teleological implication. 
It has not been possible to avoid such phrases in all cases without 
introducing clumsiness of expression or breaking the continuity of 
some important series of structures or events. It should be kept in 
mind, therefore, that all teleological implications of language that 
remain are disavowed. 

It seems hardly necessary to say that most of the material presented 
in the book has been worked over by classes repeatedly. Some new 
matter has been developed incidentally in all the parts in connection 
with ordinary laboratory and field work; and especially in Part III 
have many scattered observations and some new points of view been 
included. Thiere has been no intention to include any formal con- 
tribution, but merely to present in general outline some of the material 
worked over by undergraduates, some of the results of investigation 
already published in contributions from the laboratory, and some ob- 
servations and conclusions that hardly seemed to justify separate pub- 
lication. Provision has been made for students with more interest 
or more time than usual to get a somewhat larger view, by including 
in smaller type further details of structure, additional illustrative 
materia], and suggestive theories. Most of the illustrations are origi- 
nal, in the sense that they have been prepared especially for this 
book or have appeared in our own contributions. Those that have 
been copied or adapted are credited ; the former usually being indi- 
cated by " from," the latter by " after." 

The three authors are individually responsible only for their own 
parts, and, while they had the advantage of mutual criticism, it could 
not be expected that they would agree absolutely at every point. 
This will explain any lack of harmony that may be discovered in the 
three parts. A morphologist, a physiologist, and an ecologist look 
at the same material from different angles, and lay emphasis upon 
different features ; but all their points of view should be included 
in any general consideration of plants. It is for this reason, also, 
that the parts contain a certain amount of repetition, which is abso- 
lutely necessary when the same structures or functions are being 
considered from different points of view. 
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The selection and preparation of the illustrations for Part I were 
under the efficient direction of Dr. W. J. G. Land, and most of the 
original drawings of the book were made by Miss Anna Hamilton, 
an artist to whom great credit is due. We owe certain original illus- 
trations to the cooperation of our colleagues, who are named in con- 
nection with the figures ; and also some of the drawings in Part III 
to Miss Anna M. Starr. In addition to the mutual criticism of the 
authors, Dr. C. J. Chamberlain, Dr. William Crocker, and Mr. 
George D. Fuller made helpful suggestions in reading the proof. 
For such errors as remain, after all our efforts to eliminate them, the 
authors themselves assume full responsibility. In correcting them, we 
shall welcome the help of the wider circle of users to whom the book 
now goes. 

JOHN M. COULTER. 

CHARLES R. BARNES. 

HENRY C COWLES. 
The University of CHiCAca 
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PART I — MORPHOLOGY 

CHAPTER I— THALLOPHVTES 

Introductoiy. — Thallophytes form the lowest great division of 
the plant kingdom, the name meaning '* thallus plants." A thallus is 
a plant body in which there is litde or no diflerendation of vegetative 
organs. Among the higher plants differentiation results in such dis- 
tinct vegetative organs as stems and leaves. A thallus body does not 
distinguish thallophytes absolutely, for some thallophytes have dif- 
ferentiated vegetative bodies, and thallus bodies are found in other 
groups of plants. However, the greatest display of thallus bodies is 
found among thallophytes, and the name is reasonably distinctive. 

As the thallophytes include the lowest plants, the group is especially 
interesting as representing the living forms nearest to the beginnings of 
the plant kingdom. Among these plants the beginnings of structures 
are found that are observed to become modified in various ways in the 
higher groups. A fundamental conception of the plant kingdom is that 
it begins with simple forms and advances gradually to more complex 
forms, until the highest group of plants is reached. To appreciate 
this evolution of the plant kingdom it is necessary to study plants in 
this order, beginning with the thallophytes. 

A natural classification of thallophytes, which means a classification 
based upon relationships, is impossible at present, and any presentation 
of them must be more or less artificial. Two groups stand out con- 
spicuously, known as Algae and Fungi ; but there are other groups of 
thallophytes whose relationships are puzzling. Sometimes the latter 
groups are distributed among algae and fungi, but this is far from 
satisfactory. In the following presentation the doubtful groups will 
be kept separate from the true algae and fungi. 

z. MYXOMYCETES 

General description. — These organisms are commonly known as 
slime molds or slime fungi. They combine characters of plants and of 
animals in such a way that opinions differ as to whether they should be 
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regarded as plants or animals. Those who incline to the view Hat they 
are animals use the tenn MyceUaoa (fungus animals) for the group. It 
should not be surprising to find at the lower confines of the plant and 
animal kingdoms organisms which do not appear to belong to either. 

The lowest slime molds are aquatic, but most of them are terrestrial, 
being common in forests on humous soil, decaying wood, fallen leaves, 
etc., and one of the largest occurs on spent tan baric. The bodycootains 
□o chlorophyll, and this fact has induced many to regard sUme molds 
as fungi. The absence of chlorophyll means inability to manufacture 
food, and hence a dependent habit, slime molds being for the most part 
saprophytes (see p. 61). 

Plant body. — The characteristic body is called the fiasfModiwn, 
which is a naked mass of protoplasm (the living substance) with a 
creeping motion, putdng out and 
withdrawing regions of its body 
(Jtseudopodia) like a gigantic amoeba 
(see p. 444). This slimy body is 
for a time very sensitive to light, in 
the case of the slime mold of tan, 
for example, shrinking away from it 
into the crevices of its substratum. 
Within the body there are found em- 
bedded many nuclei (protoplasmic 
organs), and streaming movements 
in the cytoplasm (the general proto- 
plasm) may be observed (fig. i). 
The most unplantlike behavior of 
the Plasmodium is its habit of engulf- 
ing solid food instead of admitting 
Fio. I. — A small portion of the plu- it in solution, and within the body 
modium of a slime mold (fB/.io), highly ^lay be seen engulfed bacteria and 

maanififd; the cytoplasm Is Terr vacuo- , , . tt i 

lale. so .ha. i. appears as a network ol °^^^ minute Organisms. Under 
straoiisoC varyiogwidth.inwhichaumer- certain conditions, the whole plas- 
ous nuclei may be observed. — Adap.ed medium OF parts of it become en- 
from LiSTEl. , , , , . i i i 

cysted,the surf ace becoming hardened 

and often crusty and inclosing a mass of resting protoplasm of waxlike 
consistency. These hardened masses are called sderotia, and are won- 
derfully resistant, being capable of renewing their activity after re- 
maining dry for years. 
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— At the time of reproduction, the pUsmodium cornea 
to the surface of its substratum, sometimes climbing along various 
supports, and then locomotion ceases. The whole Plasmodium then 
fonns a single -stalked sporangium (spore 
case); or it organizes several regions, each of 
which produces a sporangium, the sporangia 
often forming a close cluster (fig. 2). In 
sporangium formation the pulsating advance 
of the protoplasm has been observed, forming 
the hollow stalk and finally the t^minal spore 
case, whose wall hardens iqto a firm sheath. 
Nothing is left of the unused plasmoditmi 
escept a network of tough strands. The 

spore case is exceedingly variable in form ^''- ';": * «™".P "' ^ 
" ' raogia of Slemonilis, ansing 

and general appearance, and often within it from & pUsmodium oa a frag- 
there is organized a network of tubes known ment of wood, showing the 
as the capiilitium. In the meshes of this J"*;" J^"" ""^ ^'^ 
network countless spores are formed, with 

cellulose walls, most characteristic reproductive cells of plants. The 
wall of the spore case dries and ruptures, and the hygroscopic cf^illi- 
dum expands, often carrying up and exposing the spores to dispersal. 



e of the sporangium !■ not always so complicated as tbe one de- 
scribed, for aometimes there is no capiilitium, and somelinies there is no stalk. 
Even the ipore case may be lacking, the spores being cut off from branches sent 
out [ram the statk. A slilt greater modification in spore formation is exhibited 
in such forms as the common Sowers of tan (Fuliga), in which no distinct spo- 
rangia are seen, but the whole plasmodium and sometimes several blended Plas- 
modia become transformed into a cushioa-lilw or cakelike mass, known as the 
ocj/hiJiwih. Within the aethalium the spores are found in irregular chambers, 
which may be taken to r^resent a confused ntaas of indefinite and blended qxi- 

Llfe history. — In following the life history from spore to plasmodium 
great variations are encountered, for at every stage there is exhibited 
extreme sensitiveness to external conditions. A representative series 
of stages is as follows: From the spore wall the amoeboid protoplast 
escapes and soon develops a ^ngle cilium or fiagellum, by means of 
which it moves very actively. This ciliated cell has quite the appear- 
ance of cert^n low animals in structure as well as in movements, and 
it. multiplies freely by division. Eventually the cilium disappears and 
the cell becomes amoeba-like again, and la this condition it may mul- 
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dply indefinitely by division. Finally these amoeboid cells begin to 
coalesce and a Plasmodium is gradually built up (fig. 3). The in- 
dividual amoeba-like cells that enter into the structiue of the Plas- 
modium may lose their identity or not, but 
their nuclei do not fuse. A plasmodium, there- 
fore, is a mass of coalesced naked cells, each 
represented in the complex body at least by its 
nucleus. It would be confusing to indicate 
Fro. 3. —-A small group the variations that may occur in this life 

^ntlS"? dSSct^^ ^^^^' ^} ^ sufficient to say that the flag^l- 
deus, beginning to coal- lum stage is regularly absent in certain forms, 
esce in the formation of and that the flagellum Stage and amoeba stage 

a Plasmodium.— Adapted . xJit.ri.Lr x* r 

from Sachs. "^^^ encyst repeatedly before the formation of 

a Plasmodium. 
In general it may be said that the structure and behavior of the nutri- 
tive body of these organisms would seem to relate them to animals; 
but that the reproductive structures are just as distinctly those of 
plants. 

2. SCBIZOFHYTES 

The name of the group means ''fission plants," referring to the fact 
that the characteristic cell divisions occur in rapid succession and repre- 
sent the only method of reproduction. The two divisions of schizo- 
phytes are distinguished in general by the presence and absence of 
chlorophyll, which means that one group comprises independent, food- 
manufacturing plants, and that the other comprises parasites and 
saprophytes (see p. 6i). 

(i) Ctahophtcbas 

General description. — These are the blue-green algae, as indicated 
by the name, and very commonly they are presented as one of the groups 
of algae. This association is made chiefly because of the presence of 
chlorophyll, but the differences from the true algae are so important 
that the ability to manufacture food should not outweigh them. A con- 
sistent name for the group is Schizaphyceae (fission algae), but we have 
retained the name which is in far more common use, and which refers 
to the most conspicuous feature of the group, namely, the usual presence 
of a blue pigment (phycocyanin) in addition to the green. This associa- 
tion of chlorophyll (?) and phycocyanin gives to the plants, at least in 
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mass, a characteristic bluish green color, quite distinct from tbe yellow- 
green color of the green algae.* 

Tbe Cyanopbyceae are found everywhere in fresh and salt water ; 
and also on damp soil, rocks, bark, etc. A coi^picuous free-floating 
form gives the characteristic hue to the Red Sea, a fact which indicates 
that "blue-green " algae may be red. They occur also in the water of 
hot springs, thriving in a temperature that most other plants could 
□ot endure. The sintef depodts which give character and attraction to 
the crateis of tbe hot springs and geysers of the Yellowstone National 
Park, for example, are associated in some way with tbe presence of 
Cyanophyceae. Many of the group are also endophytic in habit; that 
is, they live within cavities of other plants, as in Anthoceros, AzoUa, 
roots of cycads, etc.; and still others 
enter into the structure of those com- 
posite organisms known as lichens. 

A general conception of the 
may be obtained by eitamining a few 
common forms. 

Gloeocapsa.' — Tbe adult individual 

is a single spherical cell (fig. 4), and 

therefore the body is as simple as it can 

be, if cells are to be regarded as the units 

of the gross structure of plants. This _ 

, „ ■ . r . > ^ . .J toplut aunounded by the iwoUen 

Single ceU consists of a protoplast mvested „^ ^^ ^ ^^^^ „( Ldi^-. the 

by a wall, and among Cyanophyceae in 
general the protoplast has no such obvious 
organization as among the true algae. 
In general it may be differentiated into 
two regions : a peripheral zone, colored throughout by the green and 
blue pigments; and a central region (central body), containing no 
pigment, and now concluded to be a nucleus. In both regions small 
granules appear. This differentiation of a pigment region from the 
rest of the protoplast is not apparent among all the blue-green algae, 
for in some (as Gloeocapsa) the pigments seem to be diffused through- 
out the protoplast, but in others (as OsdUatoria, fig. 6) it is quite 



lB}rcr of mudlsige; the 
other figures shmr varioiu stagM 
of cell'tnulliplicalion, the cells 
being embedded id the gelatinoua 
matiii produced b; their walls. 



' The precise nature 


and rclat 


cert^n. It ii possible L 


bat Uiere 







> Gloeaihtce is a form closely rdated to Gletacafia, from which it difiers cUeflf ir 
aomewhat elongated cell*. 
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evident, and represents all the organization that has been found In this 
group. This apparently simple structure of the protoplast is in striking 
contrast with that found in the true algae and in all higher plants. 

The division of the cell is of equal simplicity, for it takes place by 
the development of a rin^ike wall which grows inward and cuts the 
protoplast in two, the central body (or nucleus) also playing a part. 
This process of cell-<li vision is the only method of reproduction among 
the Cyanophyceae, a method known as vegetative multiplication, and 
meaning Ihat an ordinary working cell (individual) divides and forms 
two new individuals. 

In Gloeocapsa the cells may be observed in various stages of division, 
but the multiplying cells (individuals) are held together mechanically 
in a gradually accumulating gelatinous matrix (fig. 4), tfais swelling 
mucilaginous material being derived from the cell walls, which aie 
being renewed constantly from within by the protoplast. This forma- 
tion of mucilage by the walls and the imbedding of cells is characteristic 
of the Cyanophyceae. These groups of 
cells held together mechanically are 
spoken of as colonies. In Gloeocapsa the 
colonies are irregular and indefinite, but 
among other Cyanophyceae they will be 
observed to assume very definite forms. 

XerlnnopsdJm.— In this form, very common 

In ponds, the cells are arranged so as to produce 

Fio ~ Meramafiedia ■ a pot^ * remarkably regular rectangular colony (fig. 5). 

tion of 'a 'cobDj. .howing the 01^ " '" '"''*"' '*'" '*■» r«t""g"l»^ ^rm b deter- 

«U«iplflmsiBreciEi,Bi.lar«Taiige- '"'""^ '=>' » **"" °^ perfectly regular and 

ment, and all held logelher by the iimultaneoua divisions in Iwo direclioni. 

division has noi bUn compicied. OscillatMia. — In this well-known form 

the colony has become a dmple filament, 
and the mucilage sheath is so thin as to be visible only in ^ecially 
prepared sections (fig. 6). In the related Lyngbya the sheath is quite 
evident. In these forms a filament is built up because the successive 
cell-divisions are all in the same direction. Each cell of the Oscit- 
laloria filament, excepting the end ones, has the form of a short 
cylinder, indicating that the ends of each ceU have been flattened by 
the pressure of the contiguous cells. At the end of the filament the 
free surface of the end cell is seen to be convex; and where some cell 
in the filament has become destroyed, as mentioned below, the adjacent 
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waDs of the two neighboring cells are observed to bulge out The fila- 
ment does not grow indefinitely in length, but breaks up now and then 
by the disoi^nization of one or more celb, and 
each fragment begins to construct another colony. 
This process of fragmentation results in the 
multiplication of colonies, which may be called 
colonization. 

The protoplast of OscHiatoria exhibits the two 
lemons described under Gloeocapsa for Cyano- 
phyceae in general; in fact, this differentiation is 
probably more evident in OsdUatoria than in any 
other common form. The most striking feature 
of the plant, however, is the characteristic sway- 
ing and revolving movement of the filaments, a 
movement which suggested the name. If a mass 
of filaments be placed on a solid substratum, the 
filamenls begin a creeping movement and become 
spread out radiately in a film. It is evident that 
this movement is possible only as the cells of a 
filament work together, and this introduces into a fio. e. — OicOlaioria: 
colony of cells the idea of an individual composed **>" «"» ot tl* nraple 
of many cells. In fact, the many-ceUed colony ^'^"^IJ.*^",!,^^ 
merges so gradually into the many-celled individual piost into the peripheral 
that there is no boundary between the two. pigment region and the 

Nortoc. — In this form the colony is also a "°^ ,"^7;. \^ 

' center of the Latter there 

filament, but when the cells divide, they so neariy appeats aa irregular a^ 
separate and round off that they become tangent gregation of dart ma- 
to one another, resulting in a filament resembling ,^f^^^ d^nucletu. 
a string of beads. Each filament has its own 
mudlagiDous sheath, as in Lyngbya, but there is an extraordinary 
development of mucilage in connection with groups of filaments. As 
a consequence, Nostoc appears in nature ae lumps of jelly, in which 
numerous filaments are found embedded (figs. 7, 8). 

The most nodceable fact in reference to these filaments is that the 
cells are not all alike. At intervals cells appear which differ in contents 
and usually in size from the ordinary working cells. They are derived 
from ordinary working cells, which usually enlarge, lose their contents, 
and become thick-walled. The loss of pigments makes these cells 
stand out very distinctly in the filament They are called hOerocysli, but 
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this means only "other cells," and suggests nothing as to tbeir behavior. 
By means of the heterocysts, thetefore, the working cells of a filament 



Flos. 7, 8. — Naitoc! 7, the Jelly-Uke mass in whicll 
the Elaiuents are embedded ; 8, SlaincDloul colooiei OHled 
wilhin Ihe gelatinous roatrii; Tour helerocjiiti ihown, 
dividing the filaments into hoimogODia. 

are separated into distinct sections, and these 
sections are called kormogonia. It has been 
observed that when colonization occurs, the 
heterocysts anchor the filament, and that the 
hormogonia break loose from them and wri^e 
out through the jelly-like matrix and establish 
new colonies. So far as observed, therefore, 
this diSercntialion of heterocysts seems to 
be associated with tbe fragmentation of the 
filament. 

Nosloc illustrates well an ordinary plant 
method of enduring an unfavorable season, as j. —Raiuiaria- tbt 
winter. At the inception of the period of fiiamenu show the basal 
danger, certain cells of the filament enlarge, heierocysts and the whip- 
accumulate reserve food, and become thick- eewensiono eapex. 
walled. These cells are able to endure cold or drought ; and upon 
the return of favorable conditions, the heavy wall is broken through 
and a beginning filament emerges. These resting vegetative cells are 
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often called arlhrospores, but they are not spores in the same sense as 
are those which characterize higher plants. In its life history, there- 
fore, NosUk displays three kinds of cells: vegetative cells, heterocysts, 
and resting cells. 

A oommoQ form very ciMely related to Nottoc b Anabaena, vrbose oaine ought 
Ip be familiar, but nhose separation from NoUoc need not be attempted by the 
elementary student. 

RlTiilatla. — This form may be taken to represent the e^itreme differentiation 
of a ixilouf. It is a compact, filamentous plant, like OsciUaioria; but the baial 
cell of the filament is a heterocyst, and the apex of the filament tapers into a very 
■tender, whiplike extenskm (fig. 9). In this case the filament has a distinct 
base and apei. 

Tolypothilx. — This plant serves to illustrate what is called false branching. 
It la a filament with distributed heterocysts, and, therefore, composed of several 



Flo^. 10, Ti. — False branctiiiig: lo. Teiypcthtix, showing false branching bj a 
bormogonium pushing past a heterocyst; 11, Stytonema. showing false branching by the 
pushing outward of two abultiDg cells of a hormogoniuia, each of which continues 
division. 

horroogonia. In some cases the end of a hormogoniura pushes past a heterocyst 
and continues division, giving the appearance of a lateral branch (fig. 10). In 
other cases, as in Scytonema, a bormogonium may continue lo increase in length 
without breaking away from the heterocysts, and the pressure results in push* 
ing some two abutting cells outward, each of these two cells then being free to 
ooDtinue the development of a filament (fig. 11). 
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SttfoaamA. — la some Cfuiopbyceae, bawever, tnie brancblng occois, and 

this is illustialed by sucb forms as SligoaetHa, in which biancbes are Eloded by 

Utei&l outgiowUu from individual celts of the 

filament rather thin by mechanically freeing 

some of the cells (fig. ia>. 



~ A brief summary of tbe 
important features cf tbe Cyanopbyceae 
may be stated as follows: — 

(i) Tbe plant body is a single cell, 

and tbe general tendency is to organize 

a colony of cells into tbe ionn of a simple 

fiUmenL 

Fia. ii.—SUgeH^a: ihowlng jjj There is a characteristic mudkgi- 

^^'^^'~ nous swelling of the walls, which favors 

colony fonnation by imltedding the individual ceUs. 

(3) Tbe protoplast is apparently simple in organization, giving no 
evidence of distinct cbloroplasts, and with a nucleus ordinarily not 
sharply limited by a membrane, both of which features aie in contrast 
with the protoplasts of true algae. 

(4) There is some differentiation of cells, notably in the formation 
of heterocysts; and differentiation reaches its extreme expression In 
such forms as Rnndaria, with base and apex. 

(5) Tbe power of locomotion is evident in the group, notably in 
OsdUaloria, and also in connection with colonization by means of hor- 
mogonia. 

(6) The only method of reproduction known is vegetative multipli- 
cation, and the cell divides by an ingrowing wall plate. 

(7) Protection against unfavorable conditions is provided for by 
the transformation of ordinary vegetative celk into resting cells, tbe 
chief changes being enlargement, accumulation of reserve food, and a 
heavy walL 

(3) SCmZOHTCETBS 

General descrlptloc. — The name means fission fungt, and corresponds 
in form to Schizophyceae (fission algae), a name often applied to tbe 
blue-green algae. However, they are best known as bacteria. The 
group has many characters in common with the Cyanophyceae, such as 
the one-celled body which often forms filaments (colonies), a protoplast 
of ^mple structure, the tendency in certain conditions to produce a 
mucilaginous matrix that embeds the cells, tbe power of locomotion, and 
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reproduction only by vegetative multiplicatioD, the cell-dividons being 
simple but in remarkably rapid succession. However, in most forms 
there is no cbloiopbyll, so tbat bacteria in the main are parasites and 
saprophytts. 

The immense economic importance of bacteria has stimulated their 
investigatian to such an extent tbat bacteriology has become a distinct 
field of research, with its special technique. An outline of plant mor- 
phology can only indicate the existence of this great region of research, 
for to enter it would demand a course in bacteriology; but bacteria are 
plants, and their general place among other plants must be considered. 

Bacteria include the smallest known organisms, cells having been 
measured that are only 0.0005 '°'°- ^ diameter. The cells are either 
solitary or they may fonn 



filaments, as among the 
Cyanophyceae. For general 
purposes, individual cells are 
often referred to three form 
groups : coccus forms, in 
which the cells are spherical; 
baclmum or bacillus forms, 
in which the cells are oblong 
or have the form of short 
rods; and spiriilum forms, 
in which the cells are curved 
(figs. 13-ao), When these 
various forms of cells enter 
into the structure of fila- 
ments, corresponding varia- 




Ros. 13-M. — BatiiHar tj, coccut fonn. from 
pui; 14-18, bacillus foimi <i4-i7, ha; badllui); 
t4, motQe cell; 15, Slameal of motile cells; 16,11011- 
. motile cells; 17, cells with "spores"; 18, tfpfaoid- 
fever form (Bo^iUiu t)>J>A j) ; 19. 10, spirillum foims; 
ig, cholen form (Kiirtff <ikabrac)i so, SpwUltam 
tions in the form of the ^ndtiia. — Af ter A. Fiscaxa. 
filaments follow. 

The occurrence of bacteria may be described as almost literally every* 
where: in waters of every depth, in air, in soil, in all organic bodies, 
living or dead, etc. Their resistance to condidons impossible for other 
plants to endure is remarkable — a feature suggested by their asso- 
ciates, the Cyanophyceae. Extreme cold, high temperatures, and defe- 
cation that would destroy ordinary plants are successfully withstood 
by bacteria. 

Stmctun. — The structure of the bacterial cell appears to be extremely 
ample ; in fact it may be siud to be almost structureless. The proto- 
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plast is invested by a membrane, appeals to be homogeneous, and usu- 
ally contains a few granules. It seems not to have even such simple 
differentiation as occurs in the cells of certain Cyanophyceae; but in 
all such cases it must be kept in mind that we are dealing with very 
minute objects and that presently a technique may be developed that 
will reveal an amount of organization that we have no means of seeing 
at present. 

Many of the bacteria are ciliated, the cilia being distributed over the 
body in various ways, and always extremely difficult to detect. These 
ciliated forms axe very active, and their movements have suggested 
that bacteria are animals. Under certain conditions many bacteria 
pass into a quiescent stage and collect in colonies that are held together 
by a gelatinous matrix formed from the walls. These quiescent colonies, 
thus embedded, form characteristic pellicles on nutrient media, as on a 
decoction of hay, on bouillon, on stagnant water, and on various solid 
media. This quiescent, pellicle-forming stage is known as the zoogloea 

stage. 

Multiplication. — The multiplication of cells by division is exceedingly 
rapid, the progeny of one cell in twenty-four hours often running into 
many millions. As already said, these newly formed cells either sepa- 
rate or hang together in filaments. When the nutritive supply fails, 
the protoplasm condenses in the middle or end of the cell and becomes 
invested by a heavy membrane. These are the so-called spores, but 
they are really resting cells such as are formed among the Cyanophyceae, 
except that they are formed within the old cell. These resting celb are 
even more resistant than the ordinary vegetative cells. In favorable 
conditions the protecting membrane bursts and the protoplast resumes 
active division. 

Cultures. — It is very difficult and often impossible to recognize species 
of bacteria by the appearance of the individual cells, but in mass cultures 
the colonies are often very distinct in form, color, structure, and effect 
on nutrient media. These mass cultures are made in Uquid media or 
upon solid media (gelatin, agar, potato, etc.). For purposes of inves- 
tigation pure cultures are absolutely necessary, which means the sepa- 
ration of the form under investigation from every other form with which 
it may be associated, a process requiring a special technique. 

Activities. — Many bacteria are peculiar in that they are able to live 
in the absence of free oxygen, which in other plants is associated 
with the fundamental process of respiration. Such bacteria are called 
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anaerobic, the contrasting term for those bacteria that need free oxygen 
being aerobic. These are not names of groups, but of two modes of life 
that may be found in any group. The activities and effects of bacteria 
are remarkable, many of them holding a most important relation to 
human interests. A very brief statement of some of these activities 
must suffice, but it may serve to indicate the economic importance of 
the group. 

Saprophytic bacteria, — These forms attack the dead bodies or the 
organic products of plants and animals, and bring about putrefaction 
and fermentation. When they are excluded from such organic ma- 
terial, it does not decay or ferment, and the process of canning, for ex- 
ample, is intended to effect this exclusion. When protein material is 
attacked and broken up, there is an escape of ill-smelling compounds, 
causing the offensive odor associated with putrefaction. In fermen- 
tation, complex carbohydrates are attacked, and simpler substances, 
such as alcohol, carbon dioxid, lactic acid, butyric acid, etc., are pro- 
duced from them, according to the kind of bacteria at work. 

Pathogenic bacteria, — These are the disease-producing forms, their 
activities being connected with living organisms. The disease is the 
result either of a direct attack upon the tissues, or of the excretion of a 
poison (toxin), or of both. Modem medicine and surgery are largely 
based upon excluding or destroying or neutralizing these forms. Such 
diseases as erysipelas, tetanus, diphtheria, tuberculosis, typhoid fever, 
pneumonia, cholera, p)ear blight, cabbage rot, etc., are known to be 
bacterial diseases. Besides the dangerous forms which occasionally 
attack human beings, there are numerous harmless forms constantly 
present throughout the alimentary tract. 

Nitrogen bacteria. — These are certain bacteria of the soil that are 
able to utilize the free nitrogen that exists in such abundance in the air. 
Ordinary green plants can use nitrogen only in certain of its compounds, 
so that the power of these bacteria is both remarkable and important. 
They are best known in connection with the tubercles of certain Legu- 
minosae (figs, i loi , 1 102), as the clovers, which can be used, therefore, in 
the restoration of nitrogen compounds to imj)overished soil (see p. 379). 

Nitrifying bacteria. — These are also soil forms, and although they 
contain no chlorophyll, they can manufacture their own food. They 
can obtain carbon from carbon dioxid, without the presence of either 
chlorophyll or light; and their "nitrification" consists in taking am- 
monia (and other simple nitrogen compounds) and oxidizing it to nitrous 
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acid so that nitrites are formed, when these in turn are oxidized to ni- 
trates, which axe nitrogen-containing compounds available for green 
plants. 

Iron bacteria. — These forms live in tron-contaiiiiiig waters, and as a result 
of their activities iron ozid is deposited in the gelatinous matrix. This char- 
acteristic reddish slimy deposit is exceedingly common about iron springs and 
their outlets. 

Sulphur bacteria, — These bacteria are able to oxidize sulphuretted hydrogen, 
storing free sulphur in their cells. Most conspicuous among them is a high-grade 
filamentous form {Beggiatoa) cbsely resembling the filamentous Cyanophyceae. 

These statements illustrate the remarkable powers found among 
bacteria, and when they are grouped together, the list is a striking one. 
A group which is remarkably resistant to external conditions that 
destroy other plants, which can manufacture carbohydrate food with- 
out chlorophyll or light, which can use free nitrogen, which can live 
without oxygen, is suggestive of the possibilities of plant life under 
conditions that would forbid all existing vegetation. 

Myxobacteriacaae. — This group of organisms has been recognized recently, 
and is evidently related to the bacteria, as the name suggests ; but it is dis- 
tinguished from them by a remarkably complex colony organization. The indi- 
vidual cells resemble those of the bacteria, but they are combined in structures of 
definite and often elaborate form. For example, one colony resembles a stalk 
bearing a group of sporangia at its summit. The life histories of the individual 
cells are like those of the bacteria, and resting cells (so-called spores) are formed 
in the same way, from which rodlike cells escape and assemble to organize the 
complex colony. The name suggests a combination of the characters of slime 
molds and bacteria, the individual cells resembling the latter, and the cells coming 
together to form a complex body, as the Plasmodium of the slime molds is formed. 
The group is included here because of its resemblance to the bacteria, but it must 
not be inferred that it belongs to the schizomycetes or even to the schizophytes. 
It must remain at present as one of the thalbphyte gzoupa of uncertain position. 

3. AL6AB 

These make up the great chlorophyll-bearing assemblage of thallo- 
phytes, capable of manufacturing food (see p. 363), and representing the 
forms from which the higher groups of plants have probably been 
derived. The three groups of algae are named from their characteristic 
pigments, as follows: Chlarophyceae (green algae), Phaeophyceae 
(brown algae), and Rhodophyceae (red algae). These differences in 
pigments are associated with important differences in structure, which 
will appear as the forms are discussed* 
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(i) Chloropktckai 

1 ehancter. — The green algae usually contain no pigment in 
addition to the chloropfayll, and their appearance justifies the name. 
They include the simplest algae, and are generally supposed to be the 
forms from which the higher groups of plants have been derived. On 
this account green algae may be regarded as the beginning of our 
present vegetation. The protoplast always has a distinct nucleus and 
one or more chloroplasts, and this mode of organization is continued 
throughout all the higher green plants. As presented here, the Chloro- 
phyceae contain six distinct groups, as follows: Vohtocales, Protococ- 
cdes, Con/ervales, Siphonales, Conjugates, and Charaies. It is recognized 
that some of these groups are very artificial, and that some of them per- 
haps should be set apart from the Chlorophyceae; but in this elemen- 
tary presentation of the forms, it is more convenient and less confusing 
to use this grouping. The doubtful situations will be indicated in 
comiection with the different groups. 

(a) Volvocales 
General character. — These aquatic forms are distinguished from 
other green algae by the fact that the vegetative cells have cilia and 
therefore are motile. They are sometimes regarded as animals, 
for they grade plainly into the Flagellates, a 
group of organisms of mixed plant and animal 
affinities (see p. ao). A few representative 
forms will indicate the structure and tendencies 
of the group. 

Chlomydommias and SphaereOa. — Cklamydo- 
monas consists of a single cell bearing two cilia, 

the protoplast being closely 

invested by a thin membrane 

(fig. ai). The structure of 

Sphaerdla is in general the Fta. n.—cUamyda- 

same eitcept that the cell "omw.-showine .he large 

, '^ , cuplifce chloroplasl, (he 

_. has a loose membrane, .^bedded pjtenoid. the 
with the centrally placed oudeus, 
the two conlraclile vacu- 
uiiuJi:. Hu».u 13 pjci»;ii - J t L .». oles, the red pigment 

by the two dlU.— After P'crccd by tbc tWO Cllia gpo, g„d ,ho two cUi*. 

(fig. aa). — AitKWesT. 
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Structure, — The structure of the protoplast otChlamydomanas (fig. 21) 
may be taken as representative of the whole group. There is usually a 
single, large, cup-shaped chloroplast at the larger end of the protoplast, 
in which is embedded a large protein body (pyrenaid). In the cup of 
the chloroplast the nucleus is found; near the base of the cilia are two 
contractile vacuoles; at the forward end a red pigment spot ("eye spot'*) 
is observed ; and two long apical cilia complete the equipment. The 
cells are very active and their motion is influenced by light, to which the 
"eye spot" is supposed (without adequate ground) to be very sensitive. 
In some forms a red pigment appears so abundantly as to give a reddish 
hue, giving rise to the accounts of " red pools" and "red snow." Under 
certain conditions the cell may drop its cilia and become quiescent, and 
this temporary loss of motility in the vegetative cells of Volvocales 
becomes the permanent condition in higher forms. 

Reproduction. — In this quiescent stage, the protoplast may divide 
into several new cells, which escape as new and active individuals. 
These daughter cells, formed within the old mother cell, are called 
zoospores (swimming spores, swarm spores), but they are also the adult 
form of the plant. Therefore, the ordinary vegetative cells of Volvo- 
cales are like the zoospores of the higher forms, in which the vegetative 
cells and zoospores are quite distinct. 

Certain cells form more numerous and smaller zoospore-like cells, 
which escape, swim freely, and fuse in pairs to form new ceUs (figs. 24- 
37). This is a sexual process, and therefore these pairing cells are 
called gametes (sexual cells). Since the pairing gametes are alike, the 
condition is called isogamyy and the plants are said to be isogatnous. It 
is evident that the gametes are related to the zoospores, and it is thought 
that they are only modified zoospores. The origin of gametes is the 
origin of sex, and isogamy is the simplest form of sexuality. This fusion 
of two gametes to form a single cell is the act of fertilization, but to 
distinguish it from the higher forms of fertilization it has become cus- 
tomary to call the fusion of similar gametes conjugation. The cell 
resulting from conjugation is a zygospore (or zygote), spore being the 
general name of a cell set apart for reproduction, and the prefix in this 
case indicating that the spore has been formed by conjugation. In 
isogamous plants, therefore, the gametes conjugate and produce a 
zygospore. In general the zygospore is a resting cell, being formed at 
the inception of unfavorable conditions, having a heavy wall, and 
starting new generations upon the return of favorable conditions. In 
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the case of Sfkao'dla, when the zygospore germinates, the protoplast 
divides, foiming two or four cells, which escape as free-swimming cells. 

It should be remarked that reproduction by zoospores (an asexual 
method) results in multiplying plants during the growing season; while 
reproduction by zygospores (the sexuaJ method) is connected with the 
formation of a protected cell which endures unfavorable conditions. 

Pandoiina. — Among Volvocales, as among the previously described 
groups, there is a prevailing tendency to colony formation, which fi- 
nally reaches an extreme 

expression. Pandorina A 

illustrates a simple colony, Jr 

which iscomposed usually \\ 

of sixteen similar cells / 1 

held together by a gelati- I ( 

nous matrix (fig. 33). \ J ^ 

The protoplast of any cell I / 

of the colony may divide /[ 

intosixteen daughter cells. If ^^ 

which form a new colony a 

that escapes from the w 

mother cell and from the ^Bh 

mother colony. There is 21^9 

also sexual reproduction Vxaa. tj-aj.—PandaHma: 13, the free-jwimmiiig 
as described above, the ooIodj; 14, a gvnclc; »Si ""o B""*'** beginning to 
being produced f"«: 'fi-'-^-n-f 8»"""«« "i"»« ««"pl^i »7, the 



zygtuporc. — After PsiNOSaEIU. 

just as are the daughter 

colonies. The pairing gametes are similar, and therefore Pandorina 

is isogamous and the sexually formed spore is a zygospore (figs. 

34-27). 

Eud<nlna. — In this form there b a larger colony or cell family. New 
families are formed as described for Pandorina, but sexual reproduc- 
tion b different (fig. a8). Certain cells of the colony, not much different 
from the vegetative cells, assume the function of eggs. Other cells 
divide to form groups of sperms, which hang together in a plate, but 
finally break up and fuse with the eggs. In this case the pairing gametes 
(egg and sperm) have become very dissimilar, and hence the condition 
is called hOerogamy, the plant being kelerogamous. The larger gamete, 
often called the oosphere, is better called the egg; and the smaller one, 
often called aniherozoid or spermafoxoid, is better called the sperm. The 
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process of fusion in this case is caiitd /ertilUation, and the product is Uk 
oospore (fertilized e^). 

It is evident that in passing from isogamy to heterogamy there is a 
diSerentiadon of sex, so that we recognize a male gamete and a female 



Flo. 18. — BnieriHai cetU of die oolonr funcdoning u ^gs, with which spenni M« 
coming into contact ; above the oolonj a group of spenni ilill hanging togethei nu; be 
seen. — After Goebbl. 

gamete. The femde gamete has developed its nutritive supply, and 
hence its ^ze, at the expense of activity, and finally becomes an entirely 
passive cell; while the male gamete retains its activity. 

Volvox. — In this form the highest expression of colony formation is 
reached, the free-swimming colony being a hollow sphere composed 
often of thousands of ciliated cells (figs, ag, 30). These cells are con- 
nected by strands of cytoplasm, and therefore the strucmre may be 
regarded as a multicellular individual rather than as a colony. At first 
all cells of the colony are alike, but two kinds of cells may be observed 
in a mature colony: small vegetative cells which do n"t divide, and 
among the thousands of these smaller cells a few (rarely over ten 01 
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twelve) much larger ones 
which divide to form new 
colonies. These large 
colon y-fonniog cells are 
derived from the smaller 
cells and have been called 
gonidia, a very inappropri- 
ate name. 

The sexual reproduction 
is much as in Eudonna, 
but the eggs become much 
larger than the ordinary 
cells and lose thdr dlia. 
The sperms, produced by 
the division of certain 

cells, are elongated, yellow, Fio. 19. — VbIvox: the large globutar colol^ 
and biciUile. Fenilijalion ""■""J"' •»•"-■«"•>-■ «■■■ "".■t'"i|» 

itrandi of <7topiasm, Iwo luge coloDy-fonniDg ccU^ 
occurs in the cavity of the and Dumecous tnapons wilh rough walla, 
colony (fig. 31), and the 

resulting oospore is a resting, protected cell (fig. 3a). Upon germina- 
tion the oospore prbduces a swarm of active cells (zoospores) that 
cling together and organize a new colony. 

In this so-called Vdwx colony differentiation has resulted in four 
distinct kinds of cells: ciliated vegeta- 
tive cells, colony-forming cells, eggs, 
and sperms. 

CtMKhislcms. — A summary of the 
features of the Volvocales may be 
stated as follows: The forms range 
from isolated cells to complex spheri- 
cal colonies, all the ordinary cells 
being ciliate; a new colony is formed 
from the division of a single mother 
cell; sexual reproduction is present, 
'■ advancing from isogamy to heter- 

ogamy, that is, from the origin of sex 
Fics. 30-32. -Volvox: 3Q, periph- j^ ,f,e differenUation of sex. VolvMC 
eni cells of the coIodt (afler West); , . , , . „. 

3.,«,.«g,um.und«lbr,pena.i3i.Mi ^^ "^ Colon y-forming allies are to 
oo^or* iritb hea*; mil. be regarded as specialized forms, and 
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the connection with the next group of green algae 
is to be sought in such forms as Chiamydomortoi 
and Spkaerella. 

FUg«llatM. — This problematical group of organisms is 
so suggestive of a relationship to VolvocaleB that it should 
be mentioned in this connection. Tbef are one-celled, 
active, aquatic forms, with one or two (sometimes more) 
cilia (fig. 33). The cell is naked or with a distinct mem- 
brane, which rarely contains any cellulose. The protoplast 
shows contractile and amoeboid movementii and conlaiua 
a nucleus, a pubaling vacuole, ftnd [d many forms disliiict 
green or brown chromoplasls. Some of them are very 
animal-like in taking food, ingesting solid particles; and 

— Eurfnu- ''^''" "*''*' multiplication by longitudinal splitting is not 

showing a single dlium p'*""'''*- ^° Sexual reproduction is known, but the 
(flagdlum), a large au- frequent formatioQ of thick-walled " resting spores " is 
clcus, and Dumeroui su^estive of plants. This combination of plant and 
chloropluts. animal characters has suggested that the flagellates may 

be regarded as the starting point for such one-celled thallo- 
pfaytes as the Volvocales on the one hand, and for Protozoa on the other. In 
fact, by some authors Volvocales are included among the fliig>ll»jti-, 

(b) Protococcales 

General character. — The group of forms included here under this 
name is probably a very heterogeneous assemblage, and it has been 
much broken up recently by the special students of algae, but it will 
serve our purpose. The plants occur mainly in fresh water, ranging 
from an extreme aquatic habit to occurrence in moist places, such as 
tree trunks, shaded earth, etc. Some are endophytic, living in the 
intercellular spaces of certain aquatic seed plants; others enter into the 
structure of hchens; while still others give the green color to certain 
animals, as fresh-water sponges, hydra, etc. The possible connection 
of the solitary (one-celied) forms with such solitary Volvocales as 
Chlamydomonas is apparent, the former being characterized by the 
absence of cilia on the vegetative cells; in other words, there is an occa- 
sional loss of motility by the vegetative cells of Volvocales, and this is 
the permanent condition of the vegetative cells of Protococcales. 

Pleurococcus. — This is an exceedingly common green slime found 
on flower pots, damp bricks, tree trunks, etc., and it may be regarded 
as a representative one-celled green plant. If there is any connection 
between Protococcales and Volvocales, it ia through such forms as 
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Meuroctxcus (fig. 34). The globular cell has a definite wall, a central 

nucleus, and a large lobed chloroplast whose lobes surest several chlo- 

roplasts. These cells multiply rapidly by division, 

and they may be seen clinpng together in irregular 

groups. No other method of reproduction is 

known, so that the life history is exceedingly 

dmple. 

The other forms selected as illustrations are 
colony formers, this tendency being as striking as 

■ among the Volvocales. ^ 

_ . ™. . Fio- 34—Plaracoe- 

Scenedesmus. — This e«.- the ringle«u with 

form represents the am- its nucleus aod large 

plest colony, consisting of =W°">P'"«' ""^ «ll. 

' ^ groups of vanoiu mzes. 

two to eight cells lying 

side by side, the end cells often with more or 
Fios. 35, 36.— JtoitrfM- less conspicuous appendages (fig. 35). Each 
colony of four cell divides internally to form a new colony 

(fig. 36), and no other method of reproduction 

is known. 

Pediastrom. — The colony in this fonn is a floating or suspended, 
more or less star-shaped plate of pol^ond cells, sometimes as many 
as sixty-four in number (fig. 37). Within any cell disdnct zoospores 
are formed, which escape from the mother cell inclosed by a delicate 
membrane and then become 
arranged into a new colony 
(figs. 37-39). Sexual re- 
production is also present 
in its Amplest form, certain 
cells forming zoospore-like 
cells, smaller and more 
numerous than the zoo- 
spores, which function as 
gametes (figs. 40-44). Pedi- 
astrum, therefore, is isoga- 
mous, forming zygospores 
that are resting or protected 
ceUs. 

T¥«1™J1,.*-™ TU- ■ *^- V—P'^i^'"<">- » ™''"'y of polygonal 

Hydrodictyon.— This is ^n,^ ^^^ of which «e forminR nrw colonic; two 

the well-known water net, colonieicscaiNiig Iron) the mother colon;. 
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one of the most rcmaikable of plant colonies. This hollow net is freely 
floating, and sometimes attains a length of 95 to 30 cm. It is fonned 
by an end-to-end union of long 
cylindrical cells in such a way as 
to form polygonal meshes, three 
or four cells abutting at each junc- 
tion (fig, 45). The cytoplasm 
forms a thick layer inclosing a 
large central vacuole, and the 
rios. 3S, 39.~Pediaitntm.- cells wiih chloroplast IS an irregular plate 
tatnaiion—AfterA.BRATO. ^^^^ ^^7 ""saks up mto many 

small chloroplasts. 
When the cell reaches a certmn dze, the protoplast divides into very 
numerous (7000 to ao,ooo) bidliate zoospores, each with a nucleus and 
a small chloroplast (fig. 46). These zoo- 
spores do not escape, but swim about 
freely for a time within the large mother 
cell, come to rest, and gradually develop 
a small net within the mother cell (fig. 47). 
The wall of the mother cell finally softens 
and the young net is set free and grows t( 
adult size without any cell divi^on. 

The sexual reproduction is isogamous, certain cells producing a re- 
markable number of gametes {30,000 to 100,000), which escape from 
the mother cell at once and fuse in pairs, forming zygospores (figs. 4ft- 
50). Experiments upon Hydro- 
dictyon have succeeded in secur- 
ing at will the production of 
zoospores (forming young nets) 



Fics. 40-44. — J'alHulriuii.- 
10, KHupore; 41, gamele; 41, 
43, gametes fusing; 44, ^go- 
apore. — After West. 




FlO. 45. — Hyirodiclyen : amngi^ 



Pro. 46. — H ydiodictyon : zoospores wttUa 
a mother cell begiiuuiig 10 form a net. — Aflct 
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or of gametes, by using various nutrient media. Tbe zygospore is a 
beavy-walled resting cell that settles to the bottom of the water and 
resembles a Pleurococcus cell. After a more 
or less prolonged resting period, the zygo- 
spore produces two or four large biciliate 
zoospores, which escape into the water (figs. 




Fics. 48-51. — Hydra^ayon: 48, gainete; 

49, gametes fusingi 50, ^goapare; 51, four loo- 

FlO. 47. — Hydroduiyan: a sporei devdoped by (he irgoapore; ji. zoospore 

compleled youog net within its escaped [rom zygospore. — ^48-50, after Klebs; 

moiher cell. — After Kixbs. 51, 53, aftec Pkingsbbik. 

51, 59) and develop into large, irregular, many-angled, thick-walled 
cells (polybedra), which persist through tbe winter (fig. 53). Upon the 



'^M- S3, M- — HydriHliayoH; 53, polyhedion formed by a zoospore; 54, young 
net fonning within a polyhedron. — Alter PKIHCSHEIU. 

return of favorable conditions, each of these polybedra (resting cells) 
forms internally a small net of 300 to 300 cells (fig. 54), which escapes, 
and tbe multiplication of nets is begun. It is a noteworthy fact that 
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the zygospore does not produce a net directly, but gives rise to other 
cells which do. 

Conclusions. — Taking the whole assemblage of forms included here 
under Protococcales, the range of form is from a solitary cell to a com- 
plex colony, Hydrodictyon holding the same highly specialized position 
in this series that Volvox does among the Volvocales. A marked feature 
of difference, however, is that the vegetative cells are not motile. Col- 
ony reproduction occurs as among the Volvocales, the zoospores pro- 
duced by a mother cell being held together or retained until they are 
organized into a new colony. The lowest forms of Protococcales ex- 
hibit no sexual reproduction, but among the higher forms isogamy is 
attained ; while among Volvocales heterogamy is reached. 

(c) Confervales 

General diaracter. — Under this name what may be regarded as the 
representative green algae are assembled. The assemblage is a very 
artificial one, and it has been broken up and scattered by the special 
students of algae, but for our purpose it is convenient to consider these 
forms together. They are nearly all aquatic, usually filamentous, and 
always septate (with cross walls). Under certain conditions these fila- 
mentous bodies may break up into isolated cells and remain in this 
condition for a time, resembling the forms of Protococcales with isolated 
cells, as Pleurococcus, All of them produce zoospores, and it is prob- 
able that all of them have some form of sexual reproduction. In 
considering certain representative forms, two categories are convenient; 
namely, the isogamous forms and the heterogamous forms. 

(a) Isogamous forms 

Uloihriz. — This very common alga may be taken to stand for a 
representative isogamous conferva form. It is a simple filament, whose 
basal cell is modified to form a holdfast that anchors the body and 
permits a permanent position in moving water (fig. 55). The ordinary 
vegetative cells are short, and each one contains a nucleus and a large 
chloroplast which is peripherally placed and has the form of a thick 
hollow cylinder. Any of the cells may produce zoospores, which may 
range in number from one to thirty-two even in the same filament (fig. 
56), the size of the zoospore depending upon the number of divisions. 
A large zoospore bears four cilia (fig. 59}, and resembles a vegetative 
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cell of the Volvocales, even to the " eye spot " and contractile vacuoles. 
The spores escape through an opening in the wall of the mother cell, 
swim about, come to rest, settle upon some support, ciliate end foremost, 
develop a holdfast, begin cell division, and new filaments are started 
(fig. 57). This differentiation between zoospores and ordinary vegetative 
cells, and the behavior of the zoospores in escaping individually from 
the mother cell 
and starting inde- 
pendent individu- 
als, are features in 
contrast with the 
ordinary situation 
among the Vol- 
vocales and Proto- 
coccales. In any 
event,'it should be 
iiept in mind that 
the zoospore type 
of cell is probably 
to be regarded as 
the most primitive 

typ6 amonK the 

I ^ Fios.ss-O*- — f/otti-™.- SS. base ot filament with holdfaK; 

green algae. jg^ filament producing zoospores or gameles; 57, young filn- 

The sexual re- meat devdopcd from zoospore; 58, Glamenc dischirgicg zoo- 

production is isog- '^"^ ""^ gametes; 59, an esraped zoospore; 60, escaped and 

amous, the ga- , 
metes being pro- 
duced just as are the zoospores, but differing in usually being smaller, and 
of course more numerous, and in being biciliate (fig. 60). The freed 
gantetes conjugate in pairs and form zygospores (fig. 61), which after 
the resting period do not give rise to new filaments directly, but produce 
several zoospores (fig. 62) that give rise to filaments. This intercaladon 
of zoospores in the life history between the zygospores and the new 
filaments is an important fact to note. 

Ulothrix is very often used to illustrate the origin of sex among the 
green algae. In many forms the vegetative cells are found producing 
swimming cells of all sizes, varying from the large zoospores to the 
small gametes, so that it is often impossible to distinguish between zoo- 
spores and gametes by their appearance. Some of the swimming cells 




' zoospores. — 55-61, after CoDLrEi; 1 
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that aie smaller than zoospores and larger than gametes, and which have 
two or four cilia, germinate slowly in producing filaments, but are evi- 
dently zoospores in behavior. Under certain conditions, also, some of 
the smaller swimming cells that ordinarily function as gametes produce 
small filaments, thus functioning as zoospores. These facts have suggested 
that gametes are derived from zoospores; that is, that the sexual cells 
are simply very small zoospores, which fuse in pairs before germination. 
Ulra. — This is the well-known ses lettuce, a marine form, with a membnnous 
flat thallus, tike a leaf In appearance but not at all in Nmcture, It is interesting 
in being a flat sheet of cells rather than a filament, but it shows the same repro- 
dnctim level aa UMhrisc, the aooipores and gamete* tieing of the same general 
kind. The zygospore, 
however, instead of ^v- 
ing rise to soospore^ as 
In UMhrbc, produces a 
new thallui directly. 

Chaetophon. — This 
feim illustrates a freely 
branching - filamentous 
body, in this case the 
branches bearing hairlike 
terminations, a character 
indkaled by the name. 
The zoospores and ga< 
meles are as b UMhrix 
and Ulva. 

MgMdonltun. — Tha 
body of this form ta of 
the same generai type aa 
that of Chaelopliora, and 
with the same methods of 
teptroduction. It displays 
Ina striking way a feature 
more or less character- 
istic of all filamentous 

Ftos, 63-6;. — Cladophera: 63, portion of branching , ,, ^, ^ . 

filament; 64. etJuBed^llVih-wing^r-lnudei in each ""a^l^We for passing 
cell and numerous pyrenoidi (after ChaMbekLain); 6s, '°"8 penods as a one- 
portion of tip cell fbrming bidllste mxisporei (after Sraxs- celled plant. Under cer- 
BuaoBK). tain conditions the cells 

of a filament, when they 
divide, nund off and separate, this one-celled stage being called the palmeUa 
form.' Under different conditions the filamentous form is resumed ((igs. 858-S60). 

'The name Pa/wc/iiana? given to theonc-cfllccl form 'aelarr iiiTc\AlioTi \o Stigrodoniun 
and other Coofervalei was known. It is now rcUined to iodiciite Lhe one^ielled Stage. 
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These changes from the filamentous to the pabnella form and back again have 
been bxx)ught under experimental control (see Part III). 

Cladophora. — This is one of the most common of the gieen algae, 
being a profusely branching and anchored filamentous form, the branches 
arising from the upper ends of the elongated cells (fig. 63). The cells 
are remarkable in containing many nuclei, such multinucleate cells 
being called coenocytes (fig. 64). A filament composed of a series of 
coenocytic cells suggests a structure on the way towards a completely 
coenocytic body, such as characterizes the Siphonales (see p. ^t)* ^^ 
addition to the nuclei, the Cladophora cell contains many chloroplasts 
in the peripheral layer of cytoplasm, and numerous pyrenoids in the 
plastids. The cell division in this case is by means of a plate that begins 
as a ring at the cell wall and growing centripetally cleaves the protoplast 
In enlarged apical cells (usually) a very large number of biciliate zoo- 
spores are formed (fig. 65), and biciliate gametes may be formed in any 
ceU. The zygospore in germination develops a new filament directly. 

(ft) Hderogamous forms 

Sphaeroplea. — This form is a simple filament, with multinucleate 
(coenocytic) cells, as in Cladophora^ and there is the same abundant 
development of zoosp>ores. In sexual reproduction, however, two kinds 
of gametes are produced; one being the usual biciliate, zoospore-like 
cell (the sperm); the other being a larger ceU, with no cilia (the oosphere 
or egg). The cell producing the numerous sperms is an aniheridium 
(fig. 66), and the cell producing the several eggs is an oogonium (fig. 67); 
but in this case antheridia and oogonia are vegetative cells, unchanged in 
form. In the same way, the cells producing zoospores may be called 
sporangia, but it is not usual to apply these names until these cells become 
distinct in appearance from the vegetative cells. The sperms find en- 
trance into the oogonium and fertilize the eggs, the resulting oospores 
being protected cells (figs. 67-70). In germination the oospore produces 
a number of zoospores (figs. 71, 72), which in turn give rise to new fila- 
ments (fig. 73). 

Oedogonium. — This very common alga is a simple anchored fila- 
ment of uninucleate cells containing a single peripheral chloroplast. 
Certain of the vegetative cells produce zoospores, which are large, usually 
solitary, and with a crown of cilia (figs. 74-76). Other cells of the fila- 
ment become enlarged and very conspicuous, forming the oogonia. 
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Flos. 66-J3. — Sphamplea: 66, cdlj producing sperms; 67, Cells producing egp, 
which are surrounded hy spernu; 6S, eggs immediaCel; aflcr fenilizalion, each wilh one 
nucleus; eg, fertilized egg (oospore) further advanced, wilh several nuclei; 70, oospore 
with heiv7 wall; 71, zoospores formed by oospore; ^l, escaped loaspore; 73, young 
Glameu produced by zoospore. — 66, bj, 71, after Cobh; 68-70, aflcr Kxebahhi 7^ 
73, after Ueinsicher. 
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each one of which produces a single very laige egg, con^icuously filled 
with reserve food, and develops a perforation which the sperms enter. 
Still other cells of the filament divide, the daughter cells not elongating, 
thus producing a short row of small cells, the antheridJa, within each 
one of which one or two sperms are developed (fig. 77). The sperms 
ate much smaller than the zooiipores, but they have the same crown of 
dlia, and this evident relationship between spore and sperm is constantly 




FtOS. 74-76' — Oedogimium: 74, Urge zoospore [ormlng withia the cell, including all 
the contents; 75, zoospore escaping rrom cellt }6, looapare freed from iU membroae. 
— 74, after Pbihg3qeim; 75, 76, &flei Hibn. 

appearing. In this case the oogonia and antheridia are distinct from 
the vegetative cells, but still they are transformed vegetative cells. The 
sperms escape froni the antheridia, swarm about the oogonia, enter 
them through the perforation, and fertilize the eggs. Although several 
sperms may enter an oogonium, only one is concerned in the act of fer- 
tilization, the essential feature of which seems to be the fusion of the two 
nuclei. The oospore is a heavy-walled cell, which upon germination 
produces four zoospores, each one of which gives rise to a new filament 
(figs. 8o-8a). 

In the form of Oedogonium just described, the oogonia and antheridia 
occur in the same filament, but ia certain spedea they occur on different 
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filaments, which may then 
be qx>keD of as male and 
female filaments. This 
separation of the sexes in 
different individuals js a 
condition called diotcism. 
I Among these dioecious 

forms an interesting modi- 
fication may arise, the male 
filaments being very much 
dwarfed. These dwarf fila- 
ments are produced by 
special small zoospores, 
which are larger than the 
sperms but smaller than 
the regular zoospores, and 
_ _ are called androspores from 

their male product These 
androspores swarm for a 
PHM. 77-79.— o«Idj<w««..- 7j. portion of »fiu- time and finally settle down 

Bent showing the large oogonium, which contains upon female filaments Or 
■D egg filled with food reserre and a single nucleus; _ „ „ „ „,„„!„ ,„!,=—. 

. ,^. , .. , ■ ._! even upon oogoma, where 

■t the base of the oogoQium a spena IS teen entering; '^ o -r 

•bo three antheridis, from two of which spenn* have the y become anchored and 

e«:aped; 7B. 79, young UHmeats dereloping from a. each produC^S a filament 
«>o.pore.-AttoCODLT««. ^ ^ f^^ ^^^ ^^^ ^^1, 

terminal cells (anthe- 
ridia) develop sperms 
that are set free by the 
opening of tbe caplike 
Ud (fig. 83). 

Btdtwcbnto. — Tbb well- 
known form has tbe nine 
geneml life hbtory as (hat 

described for Otdogonium, 
but it ia a branchioj fila> 




Coleochaete.— Thisis Fi<»- So-Si—Oahgrniim.- 80, t 

, . . escaping from the heavy wall in Rermicaimn; 91, lour 

a most mteresting and ^p^ ^^^^^^ j^ ^^. g^_ ^^ ,„^ ,^„„p^ 
a very much discussed wnniaed. — After Jtoanw. 
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fonn. It beloi^ to tbe fiesh waters and is found 

attached to the leaves and stems of various 

aquatics, as water lilies, etc. The body is a flat 

thallus, being either a complete disk composed 

of radiating rows of cells (fig. 84) or a cushion 

with free branches. The zoospores are solitary, 

bidliate, and may be produced by any vegetative 

cell (Gg. 89). In the discoid species the antberidia 

are formed by the division of a vegetative cell into 

four cells, each one of which produces a biciliate 

sperm (figs. 85, 86). In the branched forms, the 

antheridia appear as special club-shaped cells at 

tbe ends of branches. In the discoid forms the 

oogonia are near the ends of tbe radiating rows 

of vegetative cells, differing from them chiefly in 

size (figs. 84, 87). In the branched forms, the ^■»3-B«!ioch<uie: 

oogonia are free at the ends of branches, each „„,_ ^^ ;„ termiiwl 

developing a long tubular prolongation through nntheridium, attached to 

which the sperm enters. JiLjo^^"™' ~ *"" 

Fertilization results not only in a thick-walled 
oospore, but in the branched forms contiguous cells of the thallua send 
out branches which invest it in a cellular case, making a sort of spore 
case (sporocaip), which is the resting stage of the plant. In germina- 
tion the oospore ^ves rise to a several-celled body, each cell of which 
produces a zoospore that escapes and develops a new thallus (fig. 88). 
Altarnatioii. — Two noteworthy facts 
in this life history are the formation of 
a case of sterile cells about the oospore 
as a result of fertilization, and tbe 
multicellular body produced by tbe 
oospore. This last fact has been taken 
to represent the alternation 0/ genera- 
tions which is established as a constant 
feature of the higher plants. This 
phenomenon consists of tbe alternation 
of a sexual and a sexless generation in 
a life cycle, each generation giving rise 
coid form: ihriwo larger aadAaded ^ t^e Other. In ColeochaOe It was 
cdli an dentoping as oogonia. supposed that the sexual generation 
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igamdofkyti) is represented by the ordinary gamete-produdng plant, 
and the sexless generadon (sporophyle) by the spore-producing body 
developed by the oospore. In subjecting this life history to what 
is regarded as a critical test of the two generations, it has been dis- 
covered that this special spore-producing body is not a sporophyte. 
The test has to do with the number of chromosomes in the nucleus, 
a number which is definite for each plant species. The chromo- 



FlOB. 85-89. — Cettocliailf! 85, derelbpoient of antheridia, by Ihc <UvitiMi of a 
TcgetaCive ccU into iburctUi; 86, a spenn (nflcr Pringshetu); 87. an ooeooiuni, coa- 
taining an egg ibowiag nucleus and chloroploats; SB, the heavy- walled oospore, involed 
by a JKCkel of sterile celts, and producing a mulcicellular body csch of whose cells pro- 
duces a zooBpore (after OltuanNS) ; 89, a zoospore (after Pkingsueiu). 

somes are doubled in number by the fudon of the sperm and egg to 
form the oospore; and this means that at some other point in the life 
cycle the number must be reduced again. Accordingly the sporophyte, 
which arises from the oospore, is characterized by the double or 3X 
number of chromosomes in its nuclei ; and the gametophyte, which 
gives rise to the gametes, is characterized by the reduced or x number 
of chromosomes. Upon applying this test to Coleochaele, it was dis- 
covered that the s|>ecial spore-forming body produced by the oospore 
contains the reduced number of chromosomes and is therefore not a 
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sporophyte. In fieu:t, in this case, the doubling of chromosomes in the 
formation of the oosp)oie is followed inmicdiately by their reduction 
during the divisions of the oospore. 

Conclusions. — Upon considering the assemblage of green algae here 
brought together under Confervales, the following general statements 
may be made : The body is a simple filament, a branching filament, or 
a flat thallus, and is either completely septate or partially coenocytic. 
Zoospores are produced abundantly, and are generally bidliate, Oedo- 
ganium being a notable exception. The sexual reproduction ranges 
from isogamy to a stage of heterogamy in which distinct oogonia and 
antheridia are developed. The zygospores may give rise directiy to 
new plants or may produce zoospores ; but the oospores always develop 
zoospores, a process which culminates in Cdeochaele in a specially or- 
ganized zoospoie-producing body. 

(d) Siphonaks 

General cbaracter. — This is a very well-defined group, comprising 
mostly marine forms. The distinguishing character, suggested by the 
name, is that the plant body has no cross walls, being one continuous 
multinucleate protoplast enclosed by the peripheral wall, a kind of body 
called coenocytic. In this case the body is completely coenocytic, as 
distinguished from such partially coenocytic bodies as those of Clado- 
phora and Sphaeroplea. The bodies are ],more or less diffusely branch- 
ing, and in some of the marine forms the differentiation of the body is 
remarkable, as in Bryopsis, Caulerpa, Aceiabularia, etc. The two 
prominent fresh-water forms are as foUows. 

Botiydium. — This interesting plant develops in damp places, such 
as the mud of drying-up ponds, wet plowed ground, boggy fields, and 
especially on flood plains. It appears as groups of little green, balloon- 
shaped bladders, about the size of a pin's head, which grip the substratum 
by means of colorless, rhizoidal branches (fig. 90). Numerous small 
nuclei are embedded in the thin wall layer of cytoplasm, and in the 
aerial part there are numerous chloroplasts. 

The asexual methods of reproduction are various, dependent upon 
varying conditions. A new bladder may bud out from the aerial part, 
send rhizoidal branches into the substratum, and then become separated 
from the parent by a wall. If covered with water, the whole inflated 
aerial portion may be converted into a sporangium producing a multi- 
tude of uniciliate zoospores (figs. 91, 92). These zoospores germinate 
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immediately upon damp earth, but if imder water, tbejr fonn a double 
wall and become resting spores. When the aerial portion of the plant 
is exposed to drought, the contents rettcat into the protected rhizoidal 
branches and round oS into a 
large number of non-motile 
spores (aplanos pores), which rest 
undl the return of favorable con- 
ditions and then initiate new 
plants (fig. 93). The develop- 
ment of aplanospores is common 
among algae, being a method 
used by the protoplast of bridg- 
ing over unfavorable conditions, 
in which connection it appears 
more as a method of self- 
preservation than of reproduc- 
don. The aplano^wres in ger- 
mination (^ve rise to new plants 
direcdy or to zoospores. 

The testimony in reference to the 
•exual reproduction of Bolrydium is 
conflicting. It has been stated thftt 
tile splanospores give ri»e to numer- 
ous small biciiiate gametes that con- 
jugate, but it b claimed that the 
gametes observed are those of Pretc- 
Hpkcn, X form which grows with 
Bttryiiitm and closely reaemblei it. 
In any event, the presence of gametes 
among these simpler Siphooales is tlie 
Sf„,^^ important point for our purpose, and 

Fios. ,,^i.-Botrydium: 90. "« <>««- " i» "^ '"'^"^ to note that they 
nary vegrtative form, showing the aerial grren either conjugate or germinate as small 
portion and ihe subterranean rhizoidal portioa zoospores. 

otih„».oc,Ucl«l,i ,,,.nup.nio.or.h, yauctaii.. -This is the very 
body converted into a sporangium; 91, zoo- ' 

sports; 93, the fomalion of aplanoiporea in Common green felt, which OCCUTS 
the rhizoidal region. — After RosiAnNSzl and jn coarse felUike masses of 
^'"*"^- branching filaments on damp 

soil and in fresh or bife:ki5h water (fig. 94). As in all coenocytic 
bodies, the nuclei and chloroplasts are numerous, and in this form oil- 
globules are abundanL 
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Zoospore. — Tbe asemial repioduc- 

tion is modi&ed in an interesting way 

by the coencxytic habit. At the tip 

of a branch a very large zoospore is 

formed by tbe protoplast, and is cut 

off from the general body by a wall 

(&g- 95)- If i^ discharged through 

an opening at the end of the branch 

and moves actively by means of cilia 

that are distributed over its whole 

surface (%■ 9^)- The zoospore is 

multinucleate, containing the nuclei 

that were in the end of the branch at 

tbe time of its formation, and in con- 
nection with each nucleus a pair of 

cilia is formed. This large zoospore, ^^o- 94- — VoueUria.- aimaU portido 

therefore, may be regarded as a com- ^^J^ fi"*"""*"-. i™ichiag,««K>cytk 

pound zoospore, corresponding to a 

number of biciliate zoospores. It germinates directly, producing a 
iKw hlament (fig. 97). 

Sexual reproduction. — The 
structures connected with sexual 
reproduction are more highly 
' developed than any previously 
mentioned, for not only is Vau- 
cheria heterogamous, but it pro- 
duces special sex organs which 
are not transformed vegetative 
cells, but are specifically for 
gamete-production from the be- 
^nning. In one of the species, 
for example (fig. 99), a special 
branch is put out from tbe side 
of the filament, and a terminal 
cell is cut off by a wall and en- 
larges into a more or less globular 
oogonium, in which a single large 
fc».{9s),«c.pe(96).."dg=™i^ion(„jo( ^gg (oosphere) IS formed. This 
—After CODLTU. 
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egg at first is multinucleate, but 
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after tbe partition wall is formed, it becomes uninucleate l^ the 
degeneration of the other nuclei. In the wall of the oogonium a mOTe 
or less beaked opening is formed by which the sperms enter. The 
antheridial branch is similar in origin, but is longer, tbe antheridiuni 
being cut oS at the curved tip by a wall as a small cell. In other 
species a single sexual branch bears both oogonia and antheridia 
(fig. 98), a common arrangement of the duster being a terminal 
antheridium and a group of laterally developed oogonia. In each 



Pigs. 98-too. — Vaueh^io : 98, gg, two methodi of ronning oogunia uid aiitheridi*.; 
[n bolh cases the terminal aalheridium has dischargnl its sperms (100). — 100, after 

WOKOKIN. 

antheridium numerous sperms are formed (fig. 100), which are dis- 
charged, enter through the beaked openings of the oogonia, and 
fertilize the e^s. The heavy-walled oospore is the protected stage 
of the plant and germinates directly into a new filament. 

Expe^menU. — The eiperiments upon Vaucheria are of great inlerest, »tnce bv 
varying the character of the medium, the nature of the nutrition, the light, etc., 
there may be produced at will sterile plants, zoospore- producing plants, or gamete- 
producing plants. Vauchtrin also has great power of resisting unfavorable condi- 
tions, in the presence of which the filament becomes chambered by the formation 
of (hick cross walls, and [he conlenis of each compartment round up as an aplano- 
spore. In favorable conditions each aplanospore either forms a new filament 
directly, or discharges an amoeba-like protoplast, which rounds off as a green sphere, 
covers itself with a wail, and either forms a filament dircclly or enters again into 
B period of r»t. This ability to respond prompt!)' to varying conditions •nd 
to change the program at almost any period in the life history is very marked 
among the tower plants. 
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Ctmcltuioiis. — The body of Siphonales Is coenocytic and usually 
complexly branched and difTetcDtiated. Zoospores are fonned, which 
sometimes take on the character of the coenocytic body and may be 
regarded as compound zoospores, as in Vaucktria. SexuaJ repro- 
duction ranges from isogamy to heterogamy, in the latter condition 
extending to the formation of special branches bearing the sex 
organs. Aplanospores or non-motile protected cells are produced 
under conditions unfavorable for vegetative activity, and from all 
spores or resting cells there is a direct development of new filaments. 
A possible connecdon of Siphonales with Confervales is suggested 
by such partially coenocytic forms as Cladopkora and Sphaeroplea, 
but in any event it is to be regarded as a highly specialized group. 

(e) Conjugales 

Goneral character. — This is also a very 
disdnct group, which is separated by some 
writers from Chlorophyceae on account of 
its ^uliar features. It is a fresh-water 
group, the bodies being single cells or simple 
filaments, and characterized by remarkable 
chloroplasts, by the absence of asemial spores, 
and by a peculiar method of sexual reproduc- 
tion. The absence of all ciliated cells, includ- 
ing both spores and gametes, in an aquatic 
group is remarkable. The following families 
may be used to illustrate the group. 

Peamidiaceac. — The desmids are one-celled 
plants that exhibit the greatest possible variety 
of form and are often extremely beautiful. 
The cell is peculiar in being organized into 
two symmetrical halves, often separated by 
a deep constriction which makes the isthmus. 

In each half there is a large, irregular, often Figs, ioi, loa. — Cioi- 
complex chloroplast and several pyrenoids, ''™«-" >"'. =«■! dividing, 

,.,..,.., , , , the two nuclei and the wall 

while m the isthmus connectmg- the two halves ha^ng been formed , io»..he 
the single nucleus is placed. Many of the plastidinan oW'half cdl" 
desmids can move about, and they are very *'"'^"8 divided, and the 

, . . . , . , ducIfiu bccomina placed be- 

sensitive to light, taking a position determined ,,ee„ u,, two pUatids — 
by the incident rays. After a. Fischee. 
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Individuals are multiplied by cell-division. The nudeus divides and 
a wall is formed across tbe isthmus (fig. loi). The division thus results 
in two new cells, each consisting of one half of tbe old cell and a portion 
of tbe isthmus, which enlarges into a new half, when tbe two cells sepa- 
rate. During this process the plastid in each half divides, so that the 
new cell contains the usual two plastids (fig. loa). 

In sexual reproduction the cells pair, tbe walls are ruptured at the isth- 
mus, the protoplasts escape and fuse, and a zoospore is formed (figs. 
103-105). In some species a little tubular projection puts out from 




Fios. 103-105. — Ciaittrium : 103, two cdti pairing tor coajug&tion; 104, the (wo 
protopl&sta fiuing; 105, the ^gospore fmncd. — loj, 104, aftei Dl Barv; 105, aller 
Wist. 

each cell at the isthmus, and the two projections meet to form a short 
tube in which the protoplasts meet and fuse. The sexual fusion in 
desmids is true conjugation, in which two vegetative protoplasts fuse 
without the organization of distinct gametes. In the germination of 
the zygospore the heavy wall is ruptured, the protoplast escapes, and 
four nuclei are formed, only two of which usually persist in the devel- 
opment of new desmids. 

Mwocarpacau. — In this family the body b a filament of slmikr eloiigated 
cells, in each of which there is an axial platelike chloroplast. Cell dlviuon is 
accomplished by nuclear division and a centripelally growing wall. Sexual re- 
production occurs between adjacent Glamenis, whose cells pair and come in con- 
tact by kneelike bends or by short tubes, and Ule two abutting walls becoming per- 
forated at Iheir contact, permit Ihe two similar pratopta<ils to come in coDtact 
for fusion. The zygospore upon germination forms a new filament directly. 

Zygnemaceae. —These are pond scums, and are among the most 
common of the green algae. The characteristic genera are Zygnema 
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and Spirogyra, the Utter being especially abundant and long used for 
laboratorjr study. They are both filamentous plants with elongated 
ceUs, and differ from one another in the form of the conspicuous cliloro> 
plasts, which in Zygnema are two radiate or stariike bodies in each cell 




Flos. 106-110. — Spirogyra; 106, ctD ihoving flie ipinl bsndUke chloropbst con- 
taining PjnvDoids, and the centrnlly awung aucleus; 107, celli develaping a coojugaling 
tube; 108, conjugating tube nmplete; 109, panage of one praloplasE through the tube; 
— After ConLTKK. 



(fig. tti), and in Spirogyra, one or more bands that extend spirally 
from one end of a cell to the other (fig. 106). Spirogyra may be selected 
to represent the family. The conspicuous green, spiral, bandlike 
chlopaplasts lie peripherally in the cell and contain conspicuous, nodule- 
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Sexual rcproductum. — Se: 
(figs. 107-tto, and fig. 113). 



like pyrenoids, which are often surrounded b7 a starch jacket The 
nucleus is swung in Ihe center of the vacuolate cell by strands of cyto- 
plasm that connect the sheath of cytoplasm about the nucleus with the 
peripheral layer of cytoplasm. The cell division is as described for 
tbe Mesocarpaceae. 

ual reproduction is most characteristic 
Conjugating tubes put out from tbe cells 
of adjacent filaments and fuse, until the 
two filaments connected by conjugating 
tubes resemble a ladder. The protoplast 
of one cell passes through the conjugating 
tube into the connected cell, and the two 
protoplasts fuse, forming a large, heavy- 
walled zygospore. The conjugating 
protoplasts in this case differ in behavior, 
one being passive and the other relatively 
active, so that there is apparent a distinc- 
tion of sex, although the two protoplasts 
are dmilar in appearance. This distinc- 
tion often extends to the filaments, one 
Figs, hi, ita. — Zygmma; filament emptying all of its protoplasts 

nudeusi ita, conjugaiton. showing in which case the former filament can be 
two lygoapons («ch wiih two regarded as male and the latter one as 
nuclei and four chlwoplaita) [otmed i _ 1 i. . _ 

bj- th= fu«oa of two pr«opl^.,. ^e™^^" '^ '^ ""^ common to see a 
and a third lygoapore-like cell not filament, all of whose cells are empty, 
formed by fusion {iUustration of connected with another filament, each of 
whose cells contains a zygospore. On 
the other hand, the same filament may give and receive protoplasts ; 
and in some species conjugating tubes connect adjacent cells of the 
same filament. Occasionally, also, bodies which resemble zygospores 
are found within cells that have established no connections, and so they 
have been fonned without fusion, a phenomenon called parthenogenesis 
(fig. 112). Great variations in the establishment of connections for 
conjugation may be found in almost every collection of zygospore- 
forming material. The zygospore is the winter condition of the plant, 
and upon germination gives rise directly to a new filament. 

Conclusions. — The body of the Conjugales consists of a single cell or 
a ^mple filament, and in its vegetative phase is distinguished by large 
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and characteristically shaped chloroplasts. There is no asexual repro- 
duction by spores, and no motile cells of any kind are formed. Sexual 
reproduction is effected by the conjugation of protoplasts brought 
together usually through conjugating tubes, and while in a general way 
only isogamy is attained, there is evident in some forms an incipient 
heterogamy shown by the different behavior of the pairing protoplasts. 
The group as a whole seems to stand stiffly apart from all those previ- 
ously considered, and must be regarded as very highly specialized. 

(f) Charales 

General character. — The stoneworts, as these forms are called, con- 
stitute a very isolated group among thallophytes, which seems to hold 
no definite relation to any other 
group. If they are algae, they 
must be included among the 
green algae; but they are con- 
sidered by many to be quite 
separate from algae ; and some 
would even remove them from 
thallophytes. Until something 
more is known of their relation- 
ships, however, it is convenient 
to consider them in connection 
with the green algae. They are 
found in fresh and brackish 
waters, attached to the bottom 
and covering large areas with a 
dense mass of vegetation. Some 
of the bodies are incrusted by 
such an abundant deposit of 
calcium carbonate that it makes 
them rough and brittle, and sug- 
gested the name stoneworts. 
The common genera are Chara 
and NUdla, and the general 
structure is very uniform. 




Flo. 213. — Ckara: fthowing general habit 

of body. 



Vegetative body. — The vegetative body consists of a cylindric stem 01 
main axis which branches profusely (fig. 113). All of the axes are dif- 
ferentiated into short nodes and long itUemodes^ and from the nodes the 
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whorls of branches arise. These branches are of two kinds: (i) those 
of limited growth, the so-called '' leaves "; (2) those that resemble 
the parent axis in inde^ite growth. The branches of limited growth 
form the whorl or rosette of branches at each node ; while usually in 
the axil of one of them the branch of indefinite growth appears. The 
axillary position of the main branch suggested that the smaller sub- 
tending branches are leaves. 

The main and lateral axes elongate by means of an apical cell (fig. 
114), which by successive transverse walls cuts off a longitudinal series 

of cells (segments). Each segment divides 
transversely into two cells, the lower one 
of which enlarges, forming the long inter- 
nodal cell (sometimes 10 cm. or more long), 
the upper one giving rise by successive di- 
visions to the plate of nodal cells, which 
develop the branches. In NiUUa the long 
intemodal cells remain uncovered ; but in 
Chara they become covered by a sheath 
of cells developed from the basal cells of 
« ^ \ ^. . , the short branches, so that a cross section 

rXO. s 14. — Chara .* apical ' 

ceD cutting off aegments to fonn of an axis shows a central cell of large 
nodes and intemodes; the nodal caliber sheathed by a ring of small cells 

cd^onning brancbet.-After ^^^^^^ ^^^ rj.^^ protoplast of the 

intemodal cell consists of a thick peripheral 
layer of cytoplasm surrounding a large central vacuole and embedding 
numerous nuclei and oval chloroplasts. In a young intemodal cell there 
is a single large nucleus, but in connection with the great enlargement of 
the cell the nucleus gives rise to numerous nuclei by fragmentation. The 
intemodal cells of NUdla are noteworthy for exhibiting streaming 
movements of protoplasm with remarkable distinctness. 

Reproduction. — No asexual spores are produced, but vegetative 
multiplication is secured by tuberlike outgrowths, special branches, etc., 
from the nodes. The structures connected with sexual reproduction, 
however, afford the most distinguishing feature of the group. The 
antheridia and oogonia, instead of being single cells, as in the groups 
previously described, are highly complex structures. They are home 
at the nodes of the short branches and are visible to the naked eye, the 
mature antheridia being deep orange to red (fig. 115). 

AtUheridium. — The antheridium is globular, the wall being com* 
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posed of eight triangular, platelike cells known as shidds (fig. 115). 
Projecting centripetally from the center of each shield is an elongated 
cell (mantibrium), which bears a tenninal cell {head cell). These head 
cells give rise to a varying number of similar cells, and each ultimate 
cell produces a pair of long filaments, each consisting of approximately 
300 cells, each cell producing a single spenn (figs. 117, 118). The In- 
terior of the antberidjum, therefore, is a tangle of filaments, and the 



^ 



Fios. 115-119. — Ctura- 115. bnncli bearing oogonium (showing its sterile Jacket 
and cromi) and tntheridium (showing its inteilocking, shieldlike wall cells); it6,70ung 
oogonium (stalked and not yet ccanpletel; inTdtMl b; the jacket) and antheridium; 
117, manubrium bearing head cells and spenn-containing filaments; 118, detail of cells 
of Elament showing contained spenns; 119, spcnns (spiralis coiled and bidiiate). — 
After Sacbs. 

Sperm output of a single antheridium may range between 30,000 and 
50,000. The sperm is a more specialized structure than is the zoospore- 
like sperm of the ordinary algae, and more resembles the sperms of 
higher plants. The nucleus with its sheath of cytoplasm forms the body ; 
the cytoplasm extends to form an elongated more or less spirally coiled 
beak, and from its tip two long cilia are produced (fig. 119). 

Oogonium. —The oogonium, which replaces a secondary branch, is 
an enlarged apical cell, and produces a ^ngle large egg filled with starch 
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grains and oil drops. The complexity arises from the fact that the 
oogonium is closely invested by spirally wound elongated gells that 
arise from the cell beneath. Above the oogonium each investing cell 
cuts off a tip cell, the cluster of tip cells forming the so-called crown 
(figs. 115, 116). In fertilization the crown cells spread apart at the 
base, leaving five small slits, through which the sf)erms pass. Upon the 
formation of the oospore, the walls of the envelope cells thicken and 
harden, forming a nutlike spore case, which is the resting stage. Upon 
germination, the oospore sends out a simple filament and an elongated 
rhizoidal cell, a structure called the proembryo^ and from the proembryo 
the adult shoot arises as a lateral branch. The adult plants, thereforei 
arise as lateral branches from a very different body. 

Conclusions. — It is evident that the Charales cannot be related to 
the other green algae, since they differ strikingly in vegetative body, 
sex organs, sperms, and life history — in all of which particulars the 
resemblances are rather with the higher plants. They should at least 
be isolated as a distinct group of Thallophytes, or preferably should 
constitute a group between Thallophytes and Bryophytes. 

(2) Phaeophycbab 

General character. — The brown algae are almost all marine. They 
occur on all seacoasts, but are more abundant and conspicuous in the 
cooler waters. The forms exposed to tidal action have tough, leathery, 
and firmly anchored bodies, which sometimes reach such dimensions as 
hundreds of feet in length. They are also often highly differentiated, 
both as to form and tissues. The nature of the characteristic pigment 
or pigments is in doubt. The green constituent may or may not be 
chlorophyll, but in any event there are also present certain brown or 
yellow constituents which give the characteristic color to the plants, 
referred to in the name of the group. It must not be supposed that all 
brown algae are necessarily brown, for there are gradations in the hue 
of the bodies from brown to olive green, but the characteristic brown or 
yellow constituents are always present. Two of these constituents have 
been separated and named phycoxanthin and phycophaein. Another 
general character of brown algae is that all the motile cells (zoospores 
and sperms) are laterally biciliate, in sharp contrast with the apically 
ciliate cells of most algae. 

The group is regarded as a highly specialized one, giving little or no 
indication of its origin. There is certainly no indication that it has 
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been derived from the ChlorophTceae, and it bas possibly developed 
independently from such organisms as gave rise to the green algae. 
None of the true brown algae are one-celled, the simplest being a simple 
conferva-like 5iament, and the group also includes forms with very com- 
plex bodies. Sexual reproduction is probably present in all the forms, 
having been discovered recently in Laminaria, and is chiefly repre- 
sented by isogamy, but a small group has attained heterogamy. 

The two orders of brown algae are distinguished by their methods of 
reproduction : PkaeosporaUs, characterized by the formation of zoo- 
spores and byprevailing isogamy; FiKo/ei, characterized by the absence 
of zoospores and by well-developed heten^amy. 

(a) Pliaeo6poralee 

General character. — This group includes the large majority of brown 
algae and also the most bulky. The zoospores and gametes are alike^ 
and are produced in special 
organs — the sporangium 
and the ganulangium. It 
will not be posdble or profit- 
able to give an account of the 
numerous families, but the 
general features of the group 
may be indicated by the 
following iQustrations: 

Ectocarpus. — This form 
occurs as tufts of branching, 
many-celled filaments. The 
filament may consist of a 
sinfi^e row of cells, in which 
case the body is called 
monoHphoneus ; or it may 
con^st of several parallel 
rows of cells, in which case e^_. _ » ,rj„ *, . „_„i„K^ 

' .'w.A' FIGS. i3o-iai. — .fcworpui-' taOi monooipm^ 

the body is polysiplumOUS. nous GUment beoriog a sporangium on a short 

Sporangium.— The spo- lat"al branch; ui.ttiocapotc.ihowinglheUtenJly 

, , „ , . , bidliate rharacler (alter KurKUrK); laj, filament 

rangiumisasmglecell, which beariBEagameungiun.("plaril«ulaiapo™gium"). 

in some forms is a cell of 

the filament changed in function and usually tn size; and in other 

fonns is developed at the end of a special short lateral branch (fig. lao). 
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In either case the zoospores produced are laterally bidlute (fig. lai) 

aad develop new filaments diiecdy. 

GamOangium. — The gametan^um is a many-celled stiuctuie, and, 

like the sporangium, is developed either from ordinary cells of the fila- 
ment or at the end of a short lateral branch 
(fig. 133). The small cells coropodng it are 
cubical, being packed together closely, and each 
one produces a biciliate, zoospore-Uke gamete. 
Upon escaping, the gametes pair and fuse, and 
a zygo^wre is formed. Thb gametan^um is c£ 
great interest on account of the variations that 
occur, leading sometimes to uncertainty as to 
whether the structure should be called a 
gametangium or a sporangium ; in (act, it is 
often called a plurilocutar sporangium, in dis- 
tinction from the true unilocular sporangium. 
In some cases the gametangium is reported to 
produce both zoospores and gametes, judged 
by their behavior. The question might be 
raised whether the so-called zoospores in this 
case are not parthenogenetic gametes (see p. 
40). Other ca.ses are reported in which the 
g^etangium is said to produce motile cells of 
three sizes, the medium-sized ones germinating 
directly, and the largest and smallest ones 
pairing. In this case, we should have not only 
zoospores, but also dissimilar gametes. In 
another case it is reported that the larger 
gamete comes to rest and is fertilized In this 
quiescent condition ; in which case heterogamy 
would be very apparent. In the same genus, 
therefore, there occur both zygospore and 
oospore formadon, and more or less confu^on 
of gametes and zoospores. The group would 
seem to be an unusually favorable one for ob- 
serving both sex origin and sex difTerentiatiDa. 

Flo. 113. — Lammaria! Sph«eetari*. — In general alruclure and reproduildTe 
■howing bladclike body, habits this form resembles Eclocarpus, but it tal,y be 
■tipe, and holdfut. lued to llliutrate the appeoniDce and powers of Ml apical 
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aO. In ncli GlAmentout bodies as weic met among tbe gcitax tlgae, the filament 
U elongated by the djvliion of all tbe cells ; in other word*, tbe power of cell-divi- 
sion is distributed throughout tbe filament. In Ettocarpta tbii power of cell- 
division to eloogate the filament is more restricted, often being specially present 
in a region behind tbe tip, where tbe divisions occur in unusually rapid lucceasiDn. 
In Sphaataria this special power has become restricted to the apical cell, which 



a and the largest of _ .,.,,,. 

, , , _° Fki. t»s. — Ntrtecytia ; showing the bUdei 

the brown algae. 1 hey are ^^^ (^oni the bUddcr-Uke upunioo of the tip 

on rocky coasts, of the stipe. 
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being most abundant in northern latitudes. la the North Atlantic the 
lai^ forms are chiefly species of the Laminaria type, the body resembling 
a huge leathery and stalked leaf blade sometimes 9 to lo m. long, an- 
chored by a rootlike holdfast (fig. 123). The most remarkable fonns, 
with vartously arranged blades, occur on the Pacific coast, among 
them being Microcystis 
(giant kelp), whose huge 
bulk sometimes extends 
200 to 275 m. (fig. 124); 
Nereocystis (bladder 
kelp), with long flexible 
stem (reaching 60 m.) 
that swells at the end into 
a large globular float to 
which are attached large 
blades (fig. 125) ; Les- 
sonia, with a dichoto- 
mously branching stem 
like a tree trunk; and 
Postdsia or sea palm, 
whose name su^ests its 
habit (fig. 126). 

The bodies are differ- 
entiated into blade, stipe 
(sometimes extremely 
long), and holdfast. The 
holdfast often takes the 
appearance of an exces- 
sively branching and 

Fio. ti6. — i'oifciiia (tea palm): ahowiagnumecoua very tOUgh rOOt system, 
bUdM trom the msaaive stipe, and the ayslem of hold- ^y, jj should not be con- 
fused with roots in either 
structure or function. There is also often a marked differentiation 
of the cells into distinct tissues. For example, a section of the stipe of 
Nereocystis shows an outer pigment-bearing zone (cortex), a zone of 
storage cells, and a pith region (medulla) of loosely woven elongated 
cells. Although often very lai^ and complex in form and tissues, the 
kelps, so far as known, are very simple in their reproductive methods. 
The gametangia occur in dense masses on certain portions of the ordinary 
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blades or on spedal blades, and the gametes wbicfa tfaey produce were 
formerly mistaken for zoospores. It seems probable that zoosp(H%s have 
been eliminated from the life history of the kelps, as in the Fumles, and 
that the only spores are zygospores. 

Cnderlacaae. — The body in this famity is a broad, flat, forking thallui, &nd 
zoospores are formed as In other Plweosporales ; but there is a differentiation 
of gametes that deserves attention. Gametangia of two Icinds are produced, simi- 
lar in appearance, but dissimilar in gametes. One kind of gametangium produces 
fewer and larger gametes, the other more numerous and smaller gametes, and 
both kinds are ciliated and set free. In such a case, the two kinds of gametangia 
may be regarded as multicellular oogonia and antheridia, the fusion as fertilization, 
and the product as an oospore. Cutleriaceae, therefore, may t>e taken to represent 
a traasition from Pbaeosporales to Fucales. 

(b) Fucales 

General character. — This relatively small and specialized group of 
brown algae is characterized by the absence of zoospores and the pres- 
ence of well-developed heterogamy. The common representatives are 
Fucus (rockweed) and Sar- 
gassum (gulf weed). 

Fucus. — The body of these 
exceedingly common forms is a 
flat thallus which forks re- 
peatedly (fig. lay), a type of 
branching called dicholomous. 
It grows by means of an apical 
cell, which soon becomes placed 
at the bottom of a notch by the 
more rapid growth of the two 
branches. The body is attached 
to its support by a basal disk, 
and is made buoyant by air 
bladders or floats that are in- 
flatedintercellularspaces. There 
is also a distinct differentiation 
of dssues into the more compact 
cortex and the looser medulla. 

The absence of zoospores in an 

. , , , Fio. laT. — Fueta: iliowing tlie dichoto- 

aquatic form or of asexual spores „^ o^^ ^, ^^„„ ^ ,„ „^^ ^ ^ 

of any kind is hard to understand, branch tips, and the air bladders. 
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Sex organs. — In the thallus body, often at the dps of special branches, 
there occur the conceptades, which are chambers, each of which opens 
to the surface by a small pordike opening. A^thin these conceptacles 
the antheridia and oogonia are produced, the two organs appearing in 
the same conceptacle or in different ones (figs. 128, 119). The concep- 
tacles contain also numerous branching filaments (paraphyses), which 




Fdm. 130, tjt. — FuetU! 

'** Ijo, tbrB oral uitheridia boraa 

Fios. mS, mq. — Posm.* iiS, an andwfldlal oo a bnncUng panphj^; 

conceptAcle; 119, wioogDiilBlcaacepticle. — Alter 131, the latcnUy bfc£li«ta 

TBtmsi. ipcTO*. — After Tboskt. 

arise from the cells bounding them. The antheridia are borne as lateral 
branches of these paraphyses and are produced in great profusion (figs. 
130, J31). They are oval cells that produce numerous small laterally 
biciliate sperms. The o(^nium is a large, globular, stalked cell and 
commonly produces eight eggs (oospheres) (figs. 132-136). Theft are 
related genera whose oogonia produce four or two eggs, and often only 
one; but in all of them eight nuclei appear. Such evidence a 
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that the forms with one, two, or four eggs have been derived from those 
with eight, some of the eggs not developing, but all eight represented 
by nuclei. Both sperms and eggs are discharged and escape from the 
conceptacle. Fucus is remarkable, therefore, not only in the produc- 
tion of eight eggs by the oogonium, but also in the fact that they are 
discharged before fertilization. The eggs float and are surrounded by 



Fios. i3S-»36. — Ftitm: 131, young O(igoni& unong the puapbyMa; 133, an older 
oogoDium; 134, oogonium beginning lo deveiop the eight eggi; 135, the eggi rounded 
oS; 136, the eggt eK&ping from tbc ooganium. — After Thubst. 

swarms of sperms, which have been observed to set them rotating (figs. 
137, 138). The functioning sperm enters the egg, comes in contact with 
its nucleus, and the two nuclei lying in contact gradually fuse. Ap- 
parently the oospore is not a resting cell, but develops a new plant at 
once (figs. 130, 140)- 

In following the life history of Fucus it has been found that the number 
of chromosomes, which is doubled by the fusion of the male and female 
nuclei, is not reduced until the gametes appear. Therefore, using the 
number of chromosomes as a test, the whole vegetative plant is the 
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sporophyte generation (the one with ix chromosomes), and the gameto- 
phyte (the x genemtian) is represented only by the gametes. 

Sargassum. — The gulfweeds are well known on account of their con- 
nection with the so-called Sargasso Sea. In that great ocean eddy, 
these gulfweeds accumulate in vast quantities, and the impression has 
been that they have been torn from the coast and swept out to sea. In 
any event, they continue grow- 
ing, and perhaps pass through 
their whole Ufe history En tliis 
floating condition. They are 
remarkable for the diSerenHa- 
tion of the body into regions 
which may well be called 
leaves and branching stems, 
and they also produce short 
branches that develop the 
bladder-like floats which re- 
semble small berries (fig. 
141). So far as is known, 
tbe reprnduction resembles 
that of Fucus. 

In connection with the brown 
algae, it la convenient to consider 
two groups of thaltophytea whose 
■'>' connections are entirety uncertain. 

It must be understood that they 
_ , are not presented as brown algae, 

137-140. — ?■«««.■ 137. «n egg freed q^ as alitae at aU. 
le oogonium: ii8, an ene surrounded by _ * _.*. , 

n rfWn.; .39. a ferUli^d egg b-wn- °'-'°-- -^h" i« » va« as- 
o germiiutei 140, a young [dant. — After «mblage of one-celled plants that 
occur in profusion in fresh and 
salt water and damp soil. They 
exist in such tremendoua numbera in the ocean as to form a large part of the floating 
planklim, that free-swimming and free-floating world of minute organisms. Many 
diatoms occur as fossils, forming large deposits, as the so-called siliceous earths, 
etc. They are solitary and free-swimming forms, or are attached by gelatinous 
■talks excreted by the cetK the stalks often profusely branching. The forms of 
the cells are too numerous for description, a common free-swimming form being 
I>oat-shape (Navicula), but there are rods, wedges, disks, etc. (figs. 141-145). 

Cdi wall. — The cell wall is a special feature, for it cnnsisis t>f two siliceous' 
valves, one overlapping the other, like the two parls of a pill box. T^e wall is so 
impregnated with silica that it forma a complete and resistant siliceous skeletoiL 




Fios. 
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In Toany cases the valves are sculptured with fine transverse lines (reafly rows 
of dots), the markings being so rt^lar and minute as to serve as a test of the deGni- 
tioa of lensea. Tliere is also a longitudinal line [raphe), wliicb represcQts a cleft 
or a series of openings through whicli pseudopodia are thrust for locomotion. There 
are two distinct aspects of such cells : that showing the relation of the valves being 
the girdle side and that showing the face of a valve being the valvt side. 

SIrtulun. — The protoplast consists of usually peripheral cytoplasm, a central 
nucleus swung in a bridge of cytoplasm, and two large or numerous smaller brownish 
yellow chtomoplasts, often called eitdochrome plata. Their color U due to the 




cbloTophyll (at least a green constituent) and a characteristic golden brown con- 
stituent called diatomin. ' 

Ceil-division and aiLxosftms. — In cell-division the growth of the protoplast 
separates the valves, and division occurring in the plane of the valves, each new 
protoplast possesses one of the old valves and forms a new valve on the naked 
side. It is evident (hat one of the two cells thus produced has the same size as the 
parent cell ; while the other cell is smaller, for the smaller valve of the parent cell 
becomes the larger (overlapping) valve of the daughter cell. This means that 
among the progeny cells there are series of individuab of diminishing size. When 
this diminution in size has reached a minimum, the auxospores are formed, t^ 
name indicating " enlarging spores." Auwjspores may be produced in a variety 
of ways, the simplest being the separation of the valves and the escape of the proto* 
plast, which in this free condition grows to the maximum size and develops new 
valves. In this case the aujtospore is simply the escaped protoplast. In other 

■The predse relation of tbe*: pigments is not certainly known. 
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cases the protoplast dlvidea into two daughter protoplasts that escape and function 
as auxospores, the process suggesting real spoie fonnalion. Both of these methods 
are aJso associated with sexual repioduction; in the one case the escaped piolo- 
plasts of two contiguous cells conjugate to form the auxospore; and in the other 
case the four daughter protoplasts from two contiguous Cells p^ and conjugate. 
An auxospore, therefore, may be a naked protoplast, an asezua! spore, or a 
zygospore, the feature in common being that there is a restoiation of size befece 
valve formation. 

SilaHonskipi. — Such characters do not suggest any evident relatjonshipa 
for the diatoms, and they seem to stand apart from other groups of thallophytes, 
excepting perhaps the Peridineac (see 
below), and such a connection would 
not helf> the problem much. In certain 
particulars the cell structure suggests 
that of the desmids, and by some the 
diatoms are associated with them under 
Chlorophyceae (Conjugales). The 
brown pigment associated with the 
green suggests Phacophyceae, and 
hence in some texts diatoms are found 
among the brown algae. It is perhaps 
best at present to keep the group apart 
from others, as one of the several un- 
related groups of thallophytes, 
142 143 144 PsridlnMs. — These organisms are 

Fios. i4»-MS. — Dialoms: 143, free- mostly marine and are associated with 
swimming farm, valve side; 143. same form, diatoms in forming much of the 
girdle side, showing the reUtLon of the pUnkton of the ocean. They CODUSt 
valves; 144. HS. Birdie and valve, views of ^^^Wy ^f gjngie ^ells which are naked 
astidkedf<.rm.-u«. 143. after PriWEa; <„ have a cellulose wall, which is often 
144, 14s, after Ekoler and Prantl. i . j im. i j < 

^ ' '** sculptured. The naked forms are 

laterally biciliate, thus resembling the zoospores of the brown algae. The nucleus 
b distinct ; there is a complex system of vacuoles ; and there may be green, 
yellow, or brown chromoplasts, or none at all ; meaning that some forms have 
the food -manufacturing power of algae and others have not. Many of the forms 
multiply freely by ordinary cell-division, and sometimes there are regularly 
formed zoospores. No gametes are recorded, but it seems very probable that 
the free "zoospores" may sometimes conjugate. The characters given indicate 
a low synthetic group ; for the ciliated vegetative cells suggest the simpler 
Volvocales ; the sculptured walls, chromoplasts, and other features suggest diatoms: 
the laterally biciliate motile cells and yellow or brown chromoplasts suggest browo 
algae ; and the forms without chromoplasts do not suggest algae at all. 

(3) Rhodophtcbab 
General character. — This great group, containing only a few fresh- 
water forms, includes the majority of the marine algae. They are by 
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no means so bulky as many of the brown algae, but they are much more 
diversified in form. In the simplest forms the body is a simple or 
branching filament, which is monosiphonous or polysiphonous (see 
p. 45), or it may be flat and filmy, or ribbon-like. The more complex 
forms show an extreme di£ferentiation of the body into branching stems, 
leaves, and holdfasts. The species of Corallina resemble branching 
coral on account of the abimdant deposit of calcium carbonate in their 
cell walls. The general hue of the plants is red or violet, sometimes 
dark purple or reddish brown, the color being due to the presence of a 
red pigment {phycoeryihrin) that may be separated from the green 
(which may or may not be chlorophyll). In addition to the presence of 
phycoerythrin, one of the chief peculiarities of the group is the absence 
of any ciliated cells, either swimming spores or gametes, which is a sur- 
prising feature in so extensive an aquatic group. Another conspicuous 
peculiarity is the piethod of sexual reproduction, which often results in 
a very complicated life history. 

The Rhodophyceae seem to form an independent group, with no 
evident connections, and are certainly the most specialized of algae. 
The Florideae so nearly include all of the red algae that the name is 
often used as synon3rmous with Rhodophyceae. It is impossible to 
present adequately the maze of forms, and three of the best known are 
selected as illustrations, two representing the simpler forms and simpler 
sexual reproduction, the third representing the more complex forms 
and complex sexual reproduction. 

Before presenting these types, mention may be made of a small group that com- 
bines certain characters of brown and red algae. 

Bictyotales. — This is a small group of marine forms, of uncertain affinities, but 
interesting on account of the combinatioii of characters. They are sometimes 
included among the brown algae, and sometimes among the red algae, so that they 
may well be mentioned between these two groups. The body is a narrow, repeat- 
edly dichotomous thallus, whose pigment contains a brown consutuent suggesting 
that characteristic of the brown eJgae. Sporangia are developed on the surface of 
the thallus, and each sporangium produces four non-motile spores (letraspores), a 
conspicuous character of the red algae. The antheridia occur in clusters on the 
surface of the thallus, and produce sperms with a single terminal spiral dlium, a 
character that belongs neither to brown algae nor to red algae. The oo^nia also 
are clusters of superficial cells, each one discharging a single egg, a character sug- 
gesting the egg-discharging habit of Fucus, In such a case, the comparative value 
of characters must be estimated, and perhaps tetraspore formation is to be regarded 
as the most important among those given. If this be true, the Dictyotales are to be 
considered as an aberrant group of red algae. 
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VemaUoD. — This marine fonn wilt serve to illustrate the simplex 
red algae. It is a branching filament, and probably produces no tetra- 
spores. 

AtUheridia, — The antheridia occur in clusters at the ends of short 
branches (&g. 146), each antheridium being a single cell, which at first 
contains a single nucleus. This nucleus divides, so that the protoplast 
of the mature antheridium contains two male nuclei. Phy^ologically, 
therefore, the an- 
theridium contjuns 
two sperms, but 
tbey are not organ- 
ized as morpho- 
lo^cally distinct 
sperms. This bi- 
nucleate protoplast 
is discharged from 
the antheridium, 
and not being dil- 
ate it is carried by 
water currents to 
the female organ. 
This non-motile 
sperm, or sperm 
■ complex, is usually 

called a spcrma- 
lium, but there b 

FKM. t4S-t48. — tftPuliMt: 146, biancb sboning anlheridia no special advan- 
(orming at the Up*; 147. "he procarp, consiidng of trichogyne [age in multiplying 
sod csrpagotiium (}n the IsRn the mate and female nuclei are ' 

observed. Ihe former having passed in from the trichoKyne); "^^ nameS of a 
also ahot.^ two other celh with the broad cytoplasmic con- male CeU. The 
148, a cystocarp, showing the carpospotra being cul spg^ial name was 
felt to be necessary 
when motile sperms 
were called spermatosoids or aniherozoids, but the general term sperm 
can be applied to non-motile as well as to motile male cells. 

Female sex organ. — The female sex organ of Nemoliott illustrates, 
perhaps in its simplest form, this remarkable structure among the red 
algae, which usually consists of several cells and is called the procarp. 
In Nemalion the procaip con^sts of what may be regarded as two cells 
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at the end of a branch; the carpogonium, a cell which is the equivalent of 
the oogonium of other algae in that it contains the female nucleus, al- 
though no definite egg is organized; and the trichogyney an elongated, 
hairlike cell terminating the carpogonium, which acts as the receptive 
cell with which the sperms come in contact (fig. 147). At first the trich- 
ogyne contains its own nucleus, but soon this nucleus disappears, and 
the two cells appear as a single one, with a bulbous base and a hairlike 
extension. 

In fertilization the floating sperm comes in contact with the tiicho- 
gyne, the two walls in contact become resorbed, and through the per- 
foration one or both of the male nuclei are discharged. More than one 
sperm may come in contact with the trichogyne, and several male nuclei 
may be discharged into it ; but only one passes on into the carpogonium 
and fuses with the female nucleus (fig. 147). 

Cystocarp, — As a result of this act of fertilization, numerous short 
filaments are developed by the carpogonium, and at the tip of each one 
a spore is formed (rounded ofif), called the car pos pore (fig. 148). This 
whole structure — carpospores, filaments, and central carpogonium — 
is the cystocarp, but it is not a cystocarp representative of this organ 
among the red algae, as will be seen in the other illustrations. The 
carpospores upon germination give rise to the sexual plants, thus com- 
pleting the life history. 

In such a life history, the sexual plants may be multiplied directly 
by tetraspores (when they occur); but the sexual act results in the for- 
mation of a cystocarp, a structure producing carpospores, which in turn 
reproduce the sexual plants. 

Batrachospermum. — This fresh-water form is related to Nemalion^ 
and will serve to illustrate other features of the simpler red algae. The 
life history is very much like that of Nemalion ; but while the carpo- 
spores are forming, loose filaments appear as outgrowths from cells at 
the base of the carpogonium, representing the case of the true cystocarp 
of other groups, the envelope or case having suggested the name. This 
encasing outgrowth from adjacent sterile cells is a very common accom- 
paniment of the act of fertilization not only among the red algae, but 
also in other groups. It will be remembered that a similar envelope is 
developed by Coleochaete and by the Charales, but in the latter case it 
appears before fertilization. 

Germinaiion. — When the carpospore of Batrachospermum germinates, 
it gives rise to a filamentous body very different from that of the sex- 
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ual Batrachospermum^ and once believed to be an independent plant 
it was named ChatUransia, These chatUransia forms multiply by spores 
(not tetraspoies); but sooner or later one of the lateral branches 
develops as the sexual Batrachospermum filament. The chantrdnsia 
form, therefore, is only one phase in the life history of Batrachospermum^ 
giving rise to sexual branches of very difiFerent kind, which once were 
thought to be independent plants. It should be noted that both these 
phases constitute one vegetative body, the product of the carpospoie. 
This striking variation in form, where one structure gives rise directly 
to a very different structure, is found in the life history of many plants, 
and it has been referred to in connection with the life history of Charales. 

PoljTsiphonia. — This form is selected to illustrate the more complex 
and the more numerous red algae. This more complex majority in- 
cludes in the life history the formation of the characteristic tetraspores, 
which are non-motile, naked, asexual spores, a group of four being pro- 
duced by each one-celled sporangium. In the maturing sporangium 
there are two successive nuclear divisions, and in connection with these 
four nuclei the spores are organized. This definiteness in the number 
of nuclear divisions indicates some definite process, which will be con- 
sidered later. The sporangia of red algae occur in various situations, 
either at the tips of short lateral branches or embedded in the thallus, 
in the latter case being either scattered or in special receptacles. 

Polysiphonia has received its name because the complex branching 
filament is polysiphonous (figs. 1 49-1 51), consisting of a central row 
of elongated cells (axial siphon), surrounded by peripheral cells (cor- 
tical cells). Ordinarily there are three kinds of individuals: (i) male 
plants, bearing antheridia; (2) female plants, bearing procaips; and 
(3) sexless plants, bearing sporangia that produce tetraspores. 

Male ^fU. — The antheridia occur in clusters on special branches 
(fig. 149). The structure of an antheridial branch is as follows: From 
the cells of the axial siphon large numbers of small cells arise laterally, 
each of which gives rise in turn to a terminal cell. An oblique division 
of this terminal cell cuts off a cell which is the antheridium (fig. 152). 
The antheridium does not discharge its protoplast as a sperm, as in 
Nemalion^ but is cast off bodily, in this case the so-called " spermatium '* 
being an antheridium that functions directly as a sperm. Its nucleus 
does not divide, as in Nemalion, so that the antheridium contains only 
one male nucleus. A second or even a third antheridium may be cut 
off successively by the same parent celL 
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Fanais ftant. — In Pdysipkonia the procarp includes several cells 
in addition to the carpogonium and trichogyne. The carpogonium 
arises from a large cell of the axis, called the pericentral cdl, and around 



Flca. 149-151. — FelyHphoitla! 149, showtng the poiyiiphonous bodies bearing two 
dusters of antberidiai ijo, cjrstocarp, showing the sterile jacket inveatiog the group Ot 
caiposporet, and also mi Isolated oupospore; 151, two mother cdii fonoing tetrupoiea. 

this cell a group of auxiliary celts is formed, one of which crowds between 
the pericentral cell and the carpogonium. This whole complex struc- 
ture — trichogyne, carpogonium, pericentral cell, and auxiliary cells 
— is the procarp (fig. 153). 

Fertilization occurs as in Nemalion, the floating sperm (antberidium) 
coming in contact with the trichogyne and discharging into it its contents. 
The male nucleus passes to the carpogonium and there fuses with the 
female nucleus. The fusion nucleus divides within the carpogonium, 
and then what are called cell fusions begin. A passageway is opened 
from the carpogonium, through the intervening auxiliary cell, and into 
the pericentral cell, and by this means the two daughter nuclei of the 
fusion nucleus are free to migrate into the pericentral cell. At the same 
time, the auxiliary cells begin to fuse with one another and with the 
pericentral cell, until a large, irregular, multinucleate cell or chamber ia 
formed. In this irregular chamber the two nuclei from the carpogonium 
befpn a series of succesave divi^oos, which result in a large number of 
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nuclei that have descended from the fusion nucleus. The irregular 
fusion chamber puts out lobes, into each one of which a nucleus passes 
and divides. At the tip of each lobe a spore is developed by a sort of 
budding, and into it one of the two lobe nuclei passes. In this way sixty 
or more carpospores are formed in a single cystocarp. The usual en- 
velope of sterile cells, in this case an urn-shaped envelope, is developed 
about the whole carpospore-bearing structure from the adjacent cells 
(fig. ISO). 

Tetrasporic plant. — Upon germination the carpospores give rise to 
plants that produce tetraspores, but no sex organs. The sporangia 

arise laterally from the 
axial siphon, each spo- 
rangium standing on a 
stalk cell and finally 
pushing through the 
covering of cortical cells 
(fig. 151). Upon germi- 
nation the tetraspores 
give rise to plants that 
bear sex organs (anthe- 
ridia and procarps). 

Alternation of genera- 
tions, — This remark- 
able life history intro- 
duces us to the alterna- 
tion of generations, a 

I ^f^' T "l^'^/"^^^^' 'S». diagram show- ^^ jj^^ j^.^^^^^ ^^^^ 

ing loimatioii ot anthendia (a); 253, diagram showmg /^ , " 

structure of procarp (pc, pericentral; rt, carpogonium and is invariable in the great 

trichogyne; a, some of the auxiliary cells, one of which plant groUpS above 

crowds in between the carpogonium and the peri- thallonhvtP*; Tt i«; an 

central). — After YAMANOUcm. Uiaiiopnyies. U IS an^ 

alternation of sexual 
and sexless individuals, each producing spores that give rise to the 
other. The cytological test of alternation, referred to under Cdeo- 
chaete, has been applied to Polysiphonia, and the fact of a real alterna- 
tion has thus been established. It will be remembered that in such an 
alternation the number of chromosomes characteristic of the nuclei is 
doubled by the act of fertilization; therefore, the nuclei of the sexless 
individuals (sporophytes), which are products of fertilization, contain 
the double number (2:^) of chromosomes; while the nuclei of the sexual 
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individuals (gametophytes) contain the half number (x). This means 
that in passing from sporophyte to gametoph3rte, 2x must be reduced to x. 
In Polysiphonia, the sexual individuals (gametophytes) show twenty 
chromosomes in their nuclear divisions, and of course this number 
characterizes the male and female nuclei which they produce. At 
fertilization the fusion nucleus receives forty chromosomes, and this 
number persists through the cystocarp, the carpospores, and the tetra- 
sporic plants. This indicates that the tetrasporic plants are true sporo- 
phytes, and it is in the sporangium, in the nuclear divisions concerned 
in the formation of the tetraspores, that the reduction in the number of 
chromosomes occurs. These nuclear divisions are called reduction 
divisions^ and they represent one of the two important epochs in the life 
history, the other being the act of fertilization. On account of the re- 
duction division, each tetraspore contains the half number of chromo- 
somes, and this number is continued through the sexual plant which it 
produces. In Polysiphonia, therefore, the male and female plants are 
gametophytes, and the tetrasporic plant is a sporophyte, the cystocarp 
also being sporophytic in the series of nuclei that extends from fusion 
nucleus to caipospore. 

4. FUIfGI 

General character. — This enormous assemblage of thalloph3rtes is 
characterized by the absence of chlorophyll, resulting in a lack of power 
to manufacture carbohydrate food. As a consequence, they are either 
parasites, dependent upon living plants or animals as hosts ; or sapro- 
phytes, dependent upon organic debris or products from plants or 
animals. These are not terms of classification, for some fungi are able 
to live either as parasites or as saprophytes, and such are called facidta- 
/m forms; while those restricted to either the parasitic or the sapro- 
phytic habit are obligate forms. The possible range of parasitism is quite 
diflferent in different forms, some parasites attacking miscellaneous hosts, 
others being restricted to closely related hosts, others to a single kind 
of host, and still others attacking only certain organs (see p. 381). 

The vegetative body of a fungus is the mycelium, composed of inter- 
woven filaments called hyphae^ The mycelium may he very open and 
delicate, or it may be feltlike, or even form a compact body (as in 
lichens). The mycelium establishes absorbing connections with its 
food supply (the substratum), and when these connections are definite 
and more or less specialized, they are called haustoria (suckers). In the 
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case of a parasite, the substratum is either the surface or the internal 
tissues of the host (internal or external parasites), and in such cases the 
haustoria are very distinct structures (figs. 1079, 1080). 

Under appropriate conditions the mycelium also produces vertical 
branches (sporophores), which in a variety of ways give rise to spores. 
In the case of internal parasites, the sporophores reach the surface of the 
host, the spores thus being formed in surroundings that favor dispersal. 
Fungi are notable for the vast number of spores produced, and in most 
cases their dispersal is aerial, so that mycelia are multiplied with great 
rapidity and over wide areas. The sexual reproduction of fungi is 
exceedingly varied : in some cases the sex organs are as evident as are 
those of algae; in other cases the sexual act is so obscure as to raise the 
question whether in some life histories it has not been eliminated entirely. 

Usually three great groups of fungi are recognized: (i) PhycotnyceUs 
(algal fungi), (2) Ascomycetes (sac fungi), and (3) Basidiomycetes (basid- 
ial fungi). The Phycomycetes differ so much from the other two 
groups that the latter are often spoken of together as the EumyceteSf 
or true fungi, and they contain the large majority of fungi. 

(i) Phycohycbtes 

General character. — This comparatively small group of fungi le^ 
sembles the green algae in many features, a fact which has suggested the 
name. It is not hard to imagine that the Phycomycetes are green algae 
which have lost their chlorophyll and have developed the dependent 
habit Such a claim cannot be made for the Eumycetes, which have so 
little resemblance to the algae that any connection with them is too ob- 
scure to consider. The mycelium of Phycomycetes is composed of 
coenocytic hyphae, suggesting a connection with Siphonales ; and this 
connection with green algae is further emphasized by the sex organs, 
which are equally prominent and of the same structure. In fact, the 
two groups of Phycomycetes are distinguished by their sexual apparatus: 
(a) OomyceteSf which are heterogamous, and (b) ZygomyceUs, which 
are isogamous. 

(a) Oomycetes 

General character. — These heterogamous forms are regarded as mote 
primitive than the isogamous Zygomycetes because they are more closely 
related to the algae. They are mostly aquatic and produce zoospores, 
in these features differing from the Zygomycetes, in which the aerial 
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habit is established and no modle leproducdTe cells are produced. 
However, the two groups cannot be separated rigjdly upon this basis, 
for tbe aquatic habit with zoospores gradually merges into the aerial 
habit without zoospores. If this order of succession is true, it is an inter- 
esting illustration of the derivation of isogamy from heterogamy, which 
would mean a line of degeneracy so far as the apparent sexual apparatus 
is concerned. Illustrations of Phycomycetes may be selected from three 
important groups. 

Oqrtiidiales. — These are Kgarded as the simplest of the Phycomy- 
cetes, many of them being aquatic and parasitic on algae, and others 
attacking seed plants. Two of the prominent genera are as follows : 

Ckytridium. — A species of this genus which attacks Oedogonium 
may be used as an illustration. The zoospore has one cilium,and settling 
upon an oogonium sends a tube through to the 
egg on which it feeds. The external region of 
the parasite grows bulbous and functions as a 
spi^angium, discharging zoospores which attack 
other plants (fig. 154). When tbe oospore of 
Oedogonium is formed, the fungus develops within 
it thick-walled resting cells ; and upon the 
germination of the oospore, these resting cells 
put out tubes that produce terminal sporangia, 
and the infection of the oogonia of Oedogonium 
begins again. These resting cells of Ch^ridium 

are very commonly seen in the sexually formed i^_ ,j^_ chyiHdium! 

spores of Oedogonium, Spirogyra, Clado^tora, ittacking ibe ooeonium 

etc. In some species of Chylridium these resting ' 

cells are said to be formed sexually ; and in 

another genus of Chytridiales there are antheridia and oogonia, which 

fuse and form the resting cell, which in that case is an oospore. 

Synthylrium. — This parasite attacks the cpidemtal cells of many Kcd planta, 
the uniciliate loosporea moving over the surface of young epidermis and entering 
the cells. In tbe young epidermal cell the zoospore grows as a naked protoplast. 
Inciting the host cell to an unusual growth until it forms a blister-like pustule, 
flistorting the adjacent tissue. Finally the protoplast develops a wall and be- 
comes a resting celt, which In the next season tends out a swarm of xoospoies. 
No gametes are known. 

Saprolegniales. — The water molds are the most important family 
{Saprolegniaceae) of the group, being aquatics whose body resembles a 
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colorless Vaucheria. The representative genus Saprdegma contains 

saprophytic species found on dead bodies of crustaceans, water insects, 

etc., and also parasitic species attacking fishes, frogs, etc. One species 

that attacks the eggs and young of fishes is very destructive in hatcheries. 

The asexual reproduction resembles that of Cladophora, sporangia 

developing as terminal cells and producing vast numbei^ of biciliate 

zoospores, which escape through a termi- 

\ y nal pore (figs. 155, 156). The oogonium 

is a spherical cell, borne terminally or 

laterally, and contains one to several 

eggs. The antheridium is tubular in 

form, arising from another hypha or 

from the same one, and grows up in 

contact with the oogonium in various 

ways, sometimes curving about it. A 

small fertilizing tube sent out by the 

antheridium pierces the wall of the 

oogonium, reaches an egg, and through 

it the contents of the antheridium aie 

discharged (tig. 157). Fertilization re> 

suits in heavy-walled oospores, which 

upon germination form new byphae 

directly. 

PartkeHogenesis. — Saprokgnla b notable for 
I ^LinL^L"'T<^udf'Zi the f"^"='"'""Jperf.ap» usual occurrence of 
i^r^MrJLcB^J'nf:,^. Pa"hei»genesis. All stages of al»rtioii of ihe 
tilliaiion, showing oogonium con- ""^'^ apparatus have been observed: as, for 
taining several eggs, und Hntheridial- example, the antheridial lube reaching the 
tube tncrdog (he oogooial wall. egg but remaining cbsed ; the tube piercing 

the wall of the oogonium but not reachingthe 
egg; tbe suppression of an antheridial tube; or even the suppression of the 
antheridium. In all these cases the eggs develop as if fertilized, and produce new 

Experiments. — The culture of Saprolegnia under experimental control bas 
succeeded in determining Ihe conditions thai favor vegetative activity, zoospore 
formation, and gamete formation. If well nourished, the plant vegetates in- 
definitely ; if it is starved, as by removal lo pure water, wnispore formation Is in- 
duced; if the temperature is lowered, or if the plant is transferred to a solid aubstra- 
ttun, conditions forbidding awarm spores, oogonla are formeil. 

MonobUpharis. — This is a form similar to Saprokgnin in many respects, being 
an aquatic saprophyte on decaying plants j but it is chietly interesting as the only 
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fungus tliat has rctaJoed swimming spenna. These spenns are unlciliate, u are 
the zoospores, a fact which suggested the geDeric name. 

Peronosporales. — These are the downy mildews, and they include 
many destructive parasites that live within the tissues of the host, the 
bypbae brancbing through the intercellular spaces, crowding between 
the cells, and sending baustoria into them. This internal mycelium sends 
sporopboies to tbe surface of the host, and spores are formed by round- 
ing oft the tips of the sporophorcs or their branches. This process of 
cutting off spores is called abslriclion, and such spores are called conidia. 
Oogonia and antheridia are formed upon tbe internal mycehum, and 
fertilization is effected through a 
fertilizing tube. 

This is the one group of Oomy- 
cetes with distinctly aerial babit, 
as in tbe Zygomycetes ; but the 
forms are beterogamous, and in 
the life history of many of them 
zoospores appear. The promi- 
nent genera are as follows : 

Albugo. — A. Candida is tbe 
white rust which attacks mem- 
bers of tbe mustard family, 
causing distortions, especially in 
tbe flower clusters. The myce- 
lium traverses the intercellular 
spaces of the host, the baustoria 
sent into the host ceUs being 
lender branches which enlarge 
at tbe ends into little knobs. 
The sporopbores arise in clusters 
and press up the epidermis, which 
then appears like a white blister 
(fig. 138). Finally the epidermis 
is broken and tbe sporopbores are 
exposed, each ending in a chain ghowini 
of spores (conidia), which have and se 

been formed by successive ab- haustoria.sporophores arising un.ler epidermis 

stricUons of the sporophore. The "J^^^ fhr'd'lisch'^''rd''dyi"'a"^pid<^'^- 
conidia are multinucleate, and Altec Cbaubeklain. 
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upon gemunatioD produce numerous laterally bldliate zoospores. The 
zoospores germinate promptly, each one sending out a tube that 
penetrates the seedling host and starts a new internal mycelium. 

The sex organs of this genus are formed on the deep mycelium, the 
oogonia and antheridia appearing on separate hyphae. The oogonium 
is a globular, multinucleate cell. In the organization of the egg, the 
protoplast is differentiated into a peripheral zone of cytoplasm (peri- 

fdasm), which 
contains all the 
nuclei except one, 
and a central 
mass of cyto- 
plasm (ooplasm) 
containing a soli- 
tary nucleus foi 
fertilization (fig. 
'" "" 159). Thcanthe- 

Fios. .59. 160. — ^ii>«D.' iS<).t>o8oniumshowini{difFer£ni!a- -j; ja also a 

tton of protoplast into pcripUsni (OTntaining numerous nuclei) •"""'" " ***=" ** 
and ooplasm (contiuning one nucleus); 160. oagonium dioving multinucleate Cell 
no such differentiation of protoplast, resulting in multinucleate (fiir, 160) which 
fusion durine fertilization: also the multinucleate antheridium in , . , 

contact «=»<ls °"' a ^^■ 

tilizing tube that 
reaches the egg, and through this the male nuclei ore dischaiged. One 
male nucleus fuses with the solitary nucleus of the ooplasm, and a 
heavy-walled oospore is formed. The oospore is Uberated by the decay 
of the surrounding host tissue, and on germination either produces 
zoospores or develops a mycelium directly. 

In certain other species {A. Blili and A. Poiiulacae), the numerous 
nuclei of the egg remain distributed throughout its mass (fig, 160), and 
when the male nuclei are discharged, there is multinucleate fusion, 
many nuclei pairing and fusing. 

Phytopkthora. — P. infeslans Is the fungus producing potato rot, a diseue of 
great economic importance. The mycelium vegeta.les in the green parts of the 
plant, causing wilting and withering of leaves and stem. The sporophores are 
sent I0 tlic surface in immense numbers through slomata, and branch, bearing 
solitary conidia on the branches. Damp, windy weather is said to spread the 
disease like wildfire. The mycelium winters in the tubers. 

Fiasmopara. — P. vituola is the grape mildew, the groups of branching spon>- 
phnres appearing like downy spots upon the surface of the host (conspicuous on 
the leaves.) The conidia upon germination develop a mycelium directly, iostead 
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of zoospores, a feature which distinguishes the genus from Peronospora, under 
which the grape mildew was placed formerly. In the life history of Plasma- 
para, therefore, zoospores, characteristic of Oomycetes, have been eliminated. 
This disease is of American origin and was unknown in Europe until American 
grape stocks were introduced as a protection against the destructive phylloxera. 
Peronaspora, — These forms are very common parasites on ordinary vegetables, 
as peas, beans, spinach, etc., and differ from Plasmopara in the production of 
laterally bidliate zoospores by the conidia, as in Albugo, 



(b) Zygomycetes 

General character. — This group of Phycomycetes is distinguished 
from the Oomycetes in general by the establishment of the aerial habit; 
by the elimination of zoospores; by so-called isogamy, so far as the 
sexual reproduction is known; and perhaps by the sexual differentiation 
of individuals, although there is no distinct development of gametes. 

Mucorales. — These are the black molds, which are mostly sapro- 
phytes. The characteristic cobwebby, fleecy-white mycelium, com- 




FiG. x6i. — Mucor: diagram showing mycelium and sporophores. 

posed of large, often glistening, profusely branching hyphae, is very 
common on decaying material, stale bread (kept moist and warm), 
fruits and fruit juices, etc. The ordinary form on dung is Mucor 
MucedOf while the common bread mold is Rhizopus nigricans (fig. 161). 
Sporangia, — The stout sporophores bear globular sporangia, the 
spores and stalk being dark or even black, suggesting the name black 
mold. After the terminal sporangium cell is cut ofif, the separating wall 
bulges into the sporangium cavity, forming the so-called columella 
(fig. 162). The sporangium wall finally becomes mucilaginous and the 
spores are set free and dispersed, forming new mycelia directly. 



68 MORPHOLOGY 

Sexual reproduction. — Sexual reproduction occurs under q>edal 
conditions, when suitable individuals are brought together. The two 
kinds of individuals are called strains, and have been distinguished as 
(+) and (-) strains, which 
apparently correspond to 
female and male individuals. 
In general, the two strains 
I are not recognizable by ^ght, 

but are known to be sexually 
I different by their behavior. 

I Fertile branches (suspensors) 

are developed by pairing in- 
dividuals, come into contact 
(fig. 163), and a terminal cell 
Fio. i6>, — Umot! ibowing the devdopmeot (gametan^um) is cut off by 
of. sporangium .1 the end of a »poropl»re;ta the g^,, /g ^^y jij^gg j^^ 
bit member of the seriei ihe sporea (t) and , ° 

adumeiia (c) are evident. abutting gametangia are 

multinucleate, a perforation 
is developed at the contact, and the two protoplasts fuse, a very 
large and heavy-walled zygospore being formed (figs. 165, 166), from 
Khich a new mycelium is developed (fig. 167). In many cases tiie 
pairing susp>ensors and gametangia differ decidedly in size, in which 
case a differentiation into male and female individuals becomes visible 
(figs. 164-166). It has also been observed that the larger gametangia 
and suspensors arise from more robust mycelia, and these in turn from 
lar^r sporangia than do the smaller gametangia and suspensors. It 
seems pos^ble to arrange a series of pairing gametangia, ranging from 
such inequality in size that the pair may be regarded as an oogonium 
and an antheridium (as in Albugo), to absolute equality. Such a series 
suggests a line of degenerating sexual organs, in which distinct heter- 
ogamy passes into isogamy; but of course it might be read in the 
opposite direction. 

Piiobolus, — This mold b abundant on stable manure, and resemblea Mucor, 
but it ia remarkable for the method of dehiscence of its sporangium. The sporo- 
phore becomes very turgid and swollen just beneath the sporangium and finally 
bursts, hurling the sporangium with considerable force. This curious habit haa 
given to the plant the name squirting fungus. If a bell jar is placed over the 
planls, the inner surface becomes (lotted with discharged sporangia. 

BDtomophthorale}. — These are pain>;i(es fatal to inserts, Ihe common hoUK 
fly often t>cing destroyed by them. The spoie (conidium) in germination sends 
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out a tube that penetralei between the body aegmeats or through the bresthiog 
pores of the iniect. The mycelium finally kills it, filling the body in its vegeta- 
tive growlh. At thia stage reproduction begins, the mycelium sending out numer- 
ous short branches, from which eventually sporophores arise, reaching the surface 
of the body and each ahitricting a single conidium, which is squirted off much as 
is the sporangium in PUoMus, the dead body of a fly adhering to a window pane 
often being surrounded by a " balo of spores." 




FiCS. 163-167. — Mitcor: 163, fertile branches Csuspensora) in «inl«ct; 164, game- 
tangia (unequal) cut off; 165, 166, formalioa of zygospore by two very unequal sus- 
penson; 167, zygospore producing a mycelium, which has already produced a sporangium 
(after Bsxtxld). 

Concludons. — The Phycoraycetes strongly suggest relationship with 
the green algae, their coenocytic bodies resembling those o( the Si- 
pbonales. They also show a transition frotn an aquatic (Oomyceles) 
to an aerial (Zygomycetes) habit, accompanied by a tran^tion from 
zoo^res to aerial spores. There is also an apparent reduction of the 
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sexual apparatus, foom heterogamous alga-like forms to isogamous fonns. 
At the same time, although the sex organs lose their dissimilarity in 
appearance, there is retained, at least in some forms, a physiological 
differentiation which extends to individual mycelia. 

(2) ASCOMTCETES 

General chaxacter. — The sac fungi include the majority of fungi, and 
their connection with the algae is very vague. In contrast with the 
Phycomycetes, the mycelium is composed of septate filaments, and the 
sex organs are much reduced and even suppressed. The common 
character of this great assemblage of forms is the appearance of an 
ascus (sac) in the life history, in which the ascospores are formed. The 
ascus is a special cell, usually club-shaped or elongated, which at first 
contains two nuclei. These nuclei fuse, and the fusion nucleus begins 
a series of three successive divisions, resulting in eight nuclei. About 
each nucleus a wall is formed, cutting out some cytoplasm, producing 
eight ascospores (fig. 176). These definitely three successive nuclear 
divisions, resulting always in eight ascospores, are found to be reduc- 
tion divisions, resulting in reducing the number of chromosomes, and 
therefore the ascus holds the same important place in the life history 
of an ascomycete as does a spore mother cell in the higher plants (see 
p. 95). In the majority of forms, a spore case is developed in con- 
nection with the asci, more or less investing them with a protective 

jacket. This investing structure is the 
ascocarp, and it holds the same relation 
to the asci as does the cystocarp of red 
algae to the carpospores. 

The group is so extensive and varied 
that no representative forms can be 
selected. A few illustrations from the 
eight usually recognized orders are as 
follows: 

(a) Protoascales 

The yeasts (Saccharamycetes) are the 
F108. x68-i 73.— Kftjj^- 168, yeast most familiar forms, but their position 
ceUi 169. 170. ceUs budding; 171. ^^^ j^ very doubtful, for it is felt that 

172, sprout chains; 173, cell con- u 1 i-r u- . • u ui 

taining four spores— 168-171, after their whole hfe history IS probably not 
Coulter; 173, after Rses. known. They are solitary, oval cells, 
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which reproduce by rapid budding, forming sprovt chains (figs. 168- 
173). When cultivated under certain conditions, four internal spores 
are formed, and this is the only ascomycete connection (fig. 173). If 
the connection is a true one, the yeast cell under certain conditions 
becomes an ascus. The great economic importance of the group in 
alcoholic fermentadon is well known (see Part II, p. 409). 

The group Protoascales, however, is based upon a few forms with a . 
true mycelium, which are otherwise about as ^mple as yeasts. 

(b) Protodiscales 

Tbls Ii a anBll group paie^tic on seed plants, especially trees. A character- 
istic genus Is Exoaicus, E. deformans causing the disease known us peach curl, 
which results in \ characteristic crinkling and defonnily of Ibe leaf. The mycelium 
Bcndi to the surface patches of aaci, each ascus discharging eight ascospores. The 
form is simple in the absence of ascocarp formation, the laver of asd, called the 
hyvitnian or hymenial laytr, arising front the mycelium 
with DO accompanying sterile structure. E. pmni 
forms the so-called plum pocicets, in which the young 
fruit becomes of abnormal size and shrivels, the ud 
appearing la the wrinkles. Other species of Exoaseus 
form brushlike deformiiies on certain trees, as wild 
cherry, hornbeam, etc., known as witch brooms. The 
best-tcnown witch brooms, however, are formed hj a 
very different group of fungi. 

(c) Helvellabs 

The mycelium of these forms Is usually subterranean, 
being saprophytic on decaying organic matter, and Is 
common in the humous soil of forests. The ascocarp Is ... 

a remarkable fleshy structure, rising above the surface ■ — i — = ^;^ 

like a mushroom, the hymenium occurring as a super- p-j^ „ UtrchtHa 

ficiai layer variously distributed. The best-known form (moid); the fleshy aaco- 

is the edible morel (AfarcMla), the surface of the cap carp arising from the 

region of the ascocarp being reticulated with irregular mycelium. 

pitlike depressions lined with hymenium (Gg. 174). A 

section show* that the hymenium is a mixture of pataphyses (sterile filaments) 

and asci. 

(d) Pezizales 
General character. — The cup fun^ form a very large group of sapro- 
phytes, characterized by a broadly open ascocarp lined with the hy- 
menium. The ascocarp may lake the form of a flat disk, a bowl, a cup, 
a funnel, and is usually called an afolhecium, to distinguish it from 
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Fig. 175. — PeziMa: ascocarps (apo- 
eda) arising from the m 
lined with the hymenium. 



Other forms of ascocarp. The group is also often called the Discomy- 
ceUs^ on account of this characteristic apothecium. In some of the 
forms sex organs have been discovered, and the ascocarp follows from 

the sexual act; in others the ascocarp 
may perhaps arise vegetatively, or at 
least from no apparent sex organs. 
Some familiar forms of Pezizales are 
as follows : 
Peziza. — This genus is conspicuous 

.t!Slr"fi!rJ-r'"""°''""' on account of the brightly Hned cups 

(ascocarps) that arise from the my- 
celium in decaying wood, humous soil, etc., one of the most common 
forming a cup with scarlet lining (fig. 175). In the development of 
the ascocarp, fertile branches (ascogenous 
hyphae) arise from the mycelium and give rise 
to asci; sterile branches intermixed with these 
give rise to paraphyses (fig. 176); while other 
investing sterile branches form the cup. The 
probable relation of these structures to the act 
of fertilization is suggested by the following 
investigated forms: 

Pyronema. — In this genus well-developed 
sex organs have been found (fig. 177). The 
female sexual apparatus superficially resembles 
the procarp of Nemalion (see p. 56) in con- 
sisting of a globular cell (oogonium) and an 
elongated, tubelike cell (trichogyne or con- 
jugating tube). The antheridium is a terminal, 
more or less club-shaped cell which comes into 
contact with the tip of the conjugating tube and 
fuses with it. The contents of the antheridium 
pass into the conjugating tube, whose basal 
wall is then resorbed, and the antheridial 
material passes on into the oogonium (fig. 177). 
Both antheridia and oogonia are multinucleate, ^^^^^^ I'secti^n t^iigh^e 
so that fertilization consists of multinucleate hymenium, showing three 
pairing (see under Albugo, p. 66). The fer- ^"' *^^** containing eight 

^.,. J ' - ^ cr t .1 • .. ascospores, and the hair- 

Uhzed oogonium is cut off from the conjugating ^te paraphyses. — After 

tube again by a wall, and gives rise to branch- Chaube&lain. ' 
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ing filaments (ascogenous hyphae), whose uldmate bnuiches form asci. 
This fertilized oogonium giving rise to ascogenous hyphae is usually 
called an ascogonium. From hyphae beneath the ascogonium branching 
filaments arise that produce the colored parapbyses, and still other 
sterile hyphae give rise to the ascocarp (fig. 178). Usually several 
asct^nia arc involved in a single aacocaip. 



Fio. 177. — Pyrontma! oogo- 
nium wilh ill coDJugating tube (or 

trichogynr) ; aDllicridium curvrd 

around the trichogyne (hence in 

Kction the Utter appcan as il Fic. i;B. — P^imnno .* somewhat diagram- 

picrdng the fomier); tricho){yne matic aectton of an ascocBrp (involving («o 

tip fused wilh antheridium and ascogonia), showing aseogcaious hyphae aiis- 

receiving nuclei ; nuclei coUecting Ing from the fcrtiliied oogonium (ascogonium) 

in oogonium. — Alter Hamtem. and producing asd. — After Hakpes. 

Ascobolus. — In this form structures resembling sex organs have 
been found, and may be interpreted with the help of the life history of 
Pyrotuma. From the mycelium there arises a lai^e, bow-form, septate 
hypha (the "swollen hypha "), to which other slender branches become 
attached. No fusion has been observed, but the position of the slender 
branches suggests that their function may be that of antheridia. In 
any event, the septate swollen hypha becomes a single chamber by the 
disappearance of the cross walls, and then gives rise to ascogenous 
fajrphae that bear the asd. The parapbyses and the ascocarp also 
arise in the way described for Pyronema. It seems safe to infer that the 
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" swollen hypha " represents the female sex organ, which by fertilization 
or not becomes the ascogoniuro. 

Applying these facts to Pezaa and to the other Pezizales, it is [nobable 
that in them an ascogonium related to a sexual act is present either 
actually or historically; and that the nuclear fusion, which represents 
the essential feature of fertilization, is likely to have persisted in the 
life history even though apparent sex organs may have dis^peared. 

(e) Tuberales 

Tliese are the truffles, whoae mycelium is entirely Bubterranean ia bumoui aoiL 
A remarkable lubteiianean, tuber-like, fleshy ascocarp ii produced, which is the 
edible truffle. The ascocarp completely incloses the asci, and (his closed type 1> 
often designated a cltistollucium, to distinguish it from the open ascocarpg (apotbe- 
da). The cleistolhecium of Tuberales consists of a fleshy cortex and a central 
ascus-fonning region. In maturing, the interior sterile tissue and the asci disappear, 
leaving the ascospores free within the cortex. Very little is known of the life 
history of the Tuberales. It has been suggested that the mycelium may be that 
of some root fungus (mycorhita), for in France and Italy, the chief market (ourcet 
of tbe tnifflea of commerce, they are found constantly under oak tree). 

(f) Plectascolcs 
This group comprises saprophytes with an extensive mycelium, closed 
ascocarps (cleistothecia) of peculiar structure, and abundant produc- 
tion of conidia. The best-known repre- 
sentatives are the blue and green molds: 
AspergUlus (Eurolium), the herbarium 
mold, also on bread, preserves, etc.; and 
Penicillium, the common blue mold on 
bread, etc. From the mycelia the 
sporophores (conidiophores) arise in 
profusion, and their terminal branches 
by abstriction produce rows of conidia 
(fifr 179)- 

The sex organs are represented by 
two short, spirally intertwined filaments. 
Fio. 179. — FtitUiUium :braiicha Their fusion has not been i«corded, but 
of a spoiophore produdag rows of fj^m qi,^ ^f ^^,em asci^nous hyphae 
""" *■ arise and bear numerous small asci con- 

toning eight ascospores. At the same time, the usual investment of 
sterile filaments is developed and forms a compact, parenchyma-like 
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tissue, through which the tad are scattered. There is thus no definite 
layer of asci (hymenium), as in other groups, a feature that char- 
acterizes the Plectascales. 

(K) PyrennDycetake 

This is an enormous group of fungi, comprising thousands of spedes. 
There are two well-defined subgroups: the mildews and their allies 
(Perisporiales), and the black fungi (Pyre- 
nomycetes proper). A representative or 
two from each subgroup will serve as 
illustrations. 

HOdews. -^ These fungi form a family 
of Perisporiales known as the Erysiphaceae 
(often written Erysipheae). They are 
superficial parasites on the higher plants, 
the cobweb-like mycelium especially run- 
ning over leaves, and sending out small 
haustoria into the epidermal cells (fig. 
i8o). From the mycelium there arises 
a profusion of simple sporophores, each 
producing a tenninal row of conidia, 
which multiply the parasite rapidly. ^^ ,s^-MU^pko^ (HUc 

When conidium production declines, mUdew): ucocarps (debiothecU) 
the sex organs appear. The oogonium appcirim u black don on the 
and anlheridium are uninucleate cells at ^^'^i^tl'^"^ ""^ "^ 
the dps of branches, develop in contact, 

and through the usual perforation developed in such cases the male 
nucleus enters the oc^nium and fuses with the female nucleus. As 
a result of fertilization, the oogonium becomes a short filament, 
the ascogenous filament or ascogonium. In some of the mildews 
(as Sphaerotkeca) the tenninal cell of the ascogonium becomes the 
solitary ascus; in others (as Mkros^taera and Uncinula) the terminal 
cell gives rise to ascogenous hyphae that produce several asci. From 
the cell beneath the oogonium (the stalk cell), the sterile hyphae arise 
that form the sheath of the closed ascocarp (cleistothecium), and from 
the sheath cells there arise the characteristic appendages in the form of 
simple hairs, dichotomousiy branching hairs, hairs with hooked tips, 
etc. (figs, i8i, rSa). The ascocarps appear on the mycelium as small 
black or brownish dots irregulariy scattered (fig i8o). 
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Black fungi. — This (Pyrenomycetes proper) is an exceedingly large 
and varied group, characterized by a flaslt-shaped ascocarp opening at 
the top (fierilhecium) and lined by the hymenial layer of asci and hair- 
like paiaphyses (fig. 184). It includes parasites on various parts of 
plants, especially cortex and leaves; and also saprophytes on decaying 
wood, etc., often forming black spots, knots, etc., resembling charred 
places and suggesting both the technical and common names. The peri- 
thecta arise either sin^y on the mycelium (as in Phwrighiia), appearing 



Figs. tSi, 189. -~ UHdetot: iSi, ucocarp of Uitreipkatra, ahowing the ^tearj c**^ 
dfcholomoiu appendsgo, and Bad cnuhcd out of the oue; i8j, aacocup of UtuMula, 
trilh hooked appendages. 

as small black dots irregularly scattered, as in the mildews; or they occur 
in groups embedded in a variously shaped mass of compact (paren- 
chyma-like) mycelium, the whole structure being known as the stroma 
(pi. stronuUa). A single illustration of each kind will be ^ven. 

Black knot (Plowrightia morbosa). — This is a destructive disease 
that attacks the plum and cherry (fig. iioo). In the spring the mycelium 
is under the bark; then It breaks through, beginning the knot, which 
may become quite lat^e and solid, composed of the mycelium of the 
parasite and faypertrophied host tissue. Numerous sporophores arise 
from the mycelium, abstricting conidia ; and in the autumn the perithe- 
cia appear over the surface of the knot as small papillae, open at the top 
and lined with a hymenial layer. In the following spring the ascospores 
escape and begin fresh infections. 
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Ergot fungus {Clavicepi purpurea). — This is a common paraste on 
young ovaries of grasses, especially rye. The ascospores infect the 
ovaries in eariy summer, and on account o[ the growth of the mycelium 
the ovary becomes enlarged and defoimed. The mycelium produces 
abundant sporophores, the conidia being abstricted in clusters, and also 
excretes copious honey dew, which is sought by insects, and in this way 
the embedded conidia are carried to other ovaries. 

After the absorption of the tissues of the ovary, the mycelium becomes 
transformed into a compact, pareochymalike mass, the sderottum 
(fig. 1120). These elongated, dark violet, often curved sclerotia, re- 
placing the ovaries and projecting from the spike, are the so-called 
ergot, the source of the astringent drug that bears the same name. The 
scleroda fall to the ground and pass the winter. In the spring, when 
the rye is in flower, the sclerotia produce stellate bundles of hypbae, 
that in turn give rise to 
long-stalked, rose-colored, 
globular beads (stromata), 
in which are numerous 
sunken perithecia which 
communicate with the 
surface through porelike 
openings. The ascospores 
are remarkable in being 
very long and 6liform, and 
ate carried by the wind to . 
the flowering spikes. ■ — 

Xytaria, which belongs - . ~ , . „ , . v j . 

' . * F109. 183, 1S4. — Xylaria! 1S3, club-shaped stro- 

here, is a very common niau arising from the sclerolium, the surface perfo- 

saprophyte, forming con- rated by the poreliko openings of the perithecia; 

spicuous haid black masses "^' "f^"" '*r"^ ' ^,^','"^"^■,^.""5 ,"^ ""* 
^ puaphj-ses; the aaaa wall is so deucate thai the row 

on dead wood. From the of aacoBporra is the conspicuous feature. 
sclerotium there arise club- 
shaped stromata (fig. 183), whose surfaces are perforated by the very 
porelike openings of the perithecia (fig. 184). 



(h) Laboulbenialea 

This is a remarkable group of fungi parasitic on insects, eapccially aquatic fornu. 

The aexufti apparatus is much like that of the red algae, the procarp consisting of 

earpogoiuum, trichogyne, and auxiliary cells; and the antheridia producing sper- 
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the auxilury cetb (fig. i86), the whole process 
mggesting the fonnatloD of'cystocup* unong the 
redalgw. 

I I G«Dei«l character. — With a stn^e ex- 

' I ception (p. 91), lichens are Ascomycetes 

parasitic upon certun algae, the relation 

between the two organisms bdng so intimate 

as to result in a structure resembling a single 

organism. The dual nature of lichens was 

announced by Schwendener in 1S68, but it 

'** " was many years before the proof of it be- 

Fm». 18s. ii^~Sligmato- came convincing. In 1889 Bonnier began 

X'i:^:^i,X. <- -y^l-^z. lichens; th.. is, to bring ,0. 

chocgiDgspeimatiai left branch gether "wild algae" and lichen fungi and 

being a proaup showing iricho- thus produce artificial lichens. The para- 

2S£Sr'«d"3S ^''"° '" P«"«" '" "'" "■' »'8a= do no. 
cdb; 1S6, thefoniMtioaotud seem to be banned in most cases, the cells 
within the periibedum lita bdng rarely penetrated by the fungus. The 
tertM»tion.-AfterTHA«E.. ^^^ concerned in Uchen formation are for 
the most part Cyanopbyceae and Protococcales. As would be expected, 
the algae thrive without the fungus, just as do the wild species; but the 
lichen fungus soon perishes if it does not come into contact with the 
appropriate algae. (See p. 91 and fig. 1117.) 

Body. — The lichen fungus usually forms a thallus body much more 
definite and differentiated than do other roycelia, the thallus often re- 
sembling in form that of certain liverworts. In structure, there is a 
distinct compact cortical region 
and a central looser region, in 
either of which the algae may 
occur (fig. 190). Two structural 
types of thallus body are recog- 
nized, dependent upon the dis- . 
tribudon of the algae: (i) komoi- ^ 
omerous, in which the algae are 

, , , , , FlO. 1R7. — PAwM.- aflatrolioM lichen 

scattered; ^nA {2) heteromerous.m 00 bark, showing numerous shallow apothe- 
which the algae occur in layers, da, — AiierConLiEa, 
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Ontbebaasof habit, tbree types are Tecognized: (i)cnistose lichens, with 

an undefined mycelium often penetrating the substratum; (3) foliose 

lichens, with a definite liverwort-li^ tballus, which has maiginai 

growth and rhizoids (as 

Pkyscia, fig. 187, and 

Pamulia, fig. 188); and 

(3) fniticose lichens, 

which are erect and often 

branching (as Cladonta, 

the reindeer moss), or 

pendent and branching 

( Uitiea, fig. 189). 

Vegetative multiplica- 
tion is secured by soredia, 
which aie scalelike or globular bodies, composed of a little tan^ of 
mycelium with some algal cells (figs. 1114-1116). The ascocarps aie 
very conspicuous structures, usually being apothecia (disklike foims), 
but some arc perithecia. The hy- 
menium is the usual mixture of asci 
and paraphyses, and the ascus pro- 
duces the usual eight ascospores. 

Sez oigans. — The sex organs of 
the lichen fungus are evident in some 
cases. The antberidia occur on 
branching hyphae within a con- 
ceptacle-like chamber called the 
spermagonium. They are very small 
cells that bud out and become ah- 
stiicted, suggesting conidia, as they 
have often been considered. These 
antheridia are cast off and function 
directly as sperms, as is true of certain 
of the red algae, and they are also 
Fio. J89, — UtHna: s pendent «nd called spermatia. 

The female sen organ also suggests 
that of the red algae. It is a multi- 
cellular filament spirally coiled and terminating in a filamentous ex- 
tension to the surface of the thallus. The spirally coiled region has 
been called the arckicarp, and the filamentous extension to the surface 
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the trkkogyne. The spermatia have been found attached to the ex- 
posed tip of tbe trichogyne, with their nuclei gone; so that discfaaiige 
and nuclear fusion 
seem to be safe in- 
ferences. Thearchi- 
carp then enlarges 
and divides, becom- 
ing transfonned into 
the ascogonium, 
from which arise the 
usual ascogenoushy- 
phae. From byphae 
beneath the asco- 

FlO. iv'.'-Anaplychii. BecUon of an «pothedum <rf m gonium the Sterile 

Itcheo, showiDg [he hTraemum nude up of aid uid paia- branches arise that 

phjses overlying the inner loqae myceliuin ol the tichcn lx>dy, jjj^yj^ (be invest- 

Uid all invested by a Ihick rorljcal mycelium, within which '^ ■% ■ 

arcapparentgroaiaofalgae. — AflerSACHS. «lg Stenle tlSSUe Ot 

the ascocarp, tbe 
whole structure finally breaking through the surface of the thallus, 
usually in the form of a disklike or saucer-like ascocarp (apothecium, 
fig. 190). One ascocarp may involve a, single ascogonium or several, 
just as described under Pezizales (see p. 73). 



(3) Basidioictcbtes 
This great group of fungi is characterized by the occurrence of a 
basutium in the life history. A basidium is the swollen end of a bypha, 
and consists of four cells or one cell; but in either case it usually gives 
rise to four slender branches {sterigmala), and each sterigma cuts off at 
the tip a spore {basidiospore) (fig. 201). The basidium holds the same 
place in the life history of a basidiomycete that an ascus does in the life 
history of an ascomycete. The essential feature of a basidium is that it 
produces spores externally and that the theoretical number of spores is 
four. As in the history of the ascus, the young basidium contains two 
nuclei which fuse. Unlike the ascus, however, the fusion nucleus of 
the basidium, by two successive divisions, gives rise to four nuclei, and 
it is these four nuclei that are found in the four spores. In some cases 
four sterigmata are not produced and four spores are not formed, but 
four nuclei appear in the basidium. 
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Among the higher Basidiomycetes the basidia form a definite layer 
(hymenium), whose structure and position are important in classifi- 
cation. As yet, the classification of this great group is very imcertain, 
but for our purpose two great series may be recognized. 

I. ProtobasidiomyceUSf in which the basidium is four-celled, each cell 
bearing a spore; and II. AtUobasidiomyceUs^ in which the basidium 
b one-celled and bears four spores (or at least produces four nuclei). 

L PSOTOBASIDIOlCyCETES 

(a) Ustilaginales 

Genend cbaracter. — These are the smuts or brand fun^, destructive 
parasites that attack the floral and other organs, notably the ovaries 
of grasses, and are of course best known in connection with their 
ravages among cereals. Ustilago Maydis^ the com smut, may be taken 
as a representative. 

Com smut. — The mycelium ranges widely through the host, even 
in the roots, and becomes externally visible only upon flowering. At 
that time the ovary, for example, becomes packed with mycelium, 
which causes a distorted, swollen, tumor-like growth. These tumor-like 
swellings may be observed also in other parts of the plant, including 
the tassels. Later this mycelium forms additional cross walls; the 
short cells become rounded off and thick-walled, and the mycelium 
is thus transformed into a mass of black spores, which are the so-called 
brand spores, the whole mass being the so-called smut. This kind 
of heavy-walled spore, which is a transformed vegetative cell of a 
septate mycelium, is called a chlamydospore, the name referring to the 
heavy, protective wall. These spores fall to the ground and pass the 
winter. Upon germination in the spring, the spore develops a short 
filament of three or four cells. This filament is saprophytic and each 
cell buds out spores laterally and the end cell terminally, suggesting 
conidium-formadon. If abundant food supply is available, spores 
continue to be abstricted in great numbers, and may be multiplied 
further by the yeastlike budding of the spores (see p. 70). This filament 
of three or four cells is thought to represent the basidium, but in this 
case the very indefinite number of spores produced obscures the re- 
semblance. The spores produced, therefore, are probably basidiospores, 
and the brand spores hold the same place in the life history of smuts as 
that held by the teleutospores in the life history of rusts (see p. 82). 
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The basidjospore develops a mycelium that penetrates the yoimg 
seedling of the host plant. 

(b) Undinales 
General character. — These ate the well-known rusts, all of them 
bang destructive parasites, whose mycelia live in the intercellular 
spaces of higher plants, especially in the leaves. The best-known form 
is Puccinia gramtnts, one of the wheat rusts, and an outline of its life 
history will serve as an illustration of the group. 

Wheat nist. — The mycelium traverses the tissues of the young 
wheat plant, and during the growth of the host it sends to the sur- 
face numerous sporophores, each bearing a sin^e spore, the ured»- 
spore {&g.jgi). Tbegroups 
of uredospores (sunmier 
spores) on the surface of 
the host form reddish spots 
or lines, giving rise to the 
name rust or red rust. By 
means of the uredospores 
the disease spreads rapidly 
through the growing wheat, 
the spores falling on the 
surface of uninfected wheat 
plants and sending out 
germ tubes that penetrate 
the host and form new my- 
celia. As the wheat plants 
mature, the mycelium sends 
to the surface of the host 
another kind of spore, the 
tdeutospore, which is two- 
celled and thick-walled (figs, 
iga, 193). The teleuto- 
spores (winter spores) are 
the winter stage of the 
FicB. 191-193. — H^AnK rusi: 191, urcdoBpons parasite, genninating in 

{summer spores) (after Coultei.); i9>. ETouP of the following spring. 

young leleutospoTTS {winter spores), among which . . , 

Ihere ma, be some uredospores (after CaAMflEai-u.v) ; HaSldtum. — I he gemu- 

193, mature leieutosporea. nation of the teleutospore 
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results in a filament of four cells, each of which ^ves rise to a slender 
branch bearing a spore (fig. 194). This saprophytic filament has been 
called the promycdium, and its spores sporidia; 
but it represents a four-celled basidium bearing 
basidiospores, and is the structure that determines 
the position of rusts among Basidiomycetes. 

Aecidium. — The basidiospores that fall upon 
young bari)erTy leaves germinate, and an extensive 
mycelium is developed among the tissues of the 
new host This mycelium develops very evident 
structures of two kinds. Opening usually upon 
the upper surface of the leaf, small, flask-shaped 
organs appear, known as spermogonia, within which 
there arise slender filaments that form by succes- 
sive abstricdons numerous very small cells, the 
spermtUia (fig. 195). The names spermogomum 
and spermatium indicate the belief that this struc- 
ture is the male apparatus, to be compared with s 
male conceptacle in Fucus (see p. 50). However, 
this function has not been demonstrated, and some 
regard them as spore-pToducine structures, in which 

, K" J- 6 ... ' . FlO. 194. — Wkcat 

case they are spoken of as pycmdta produang ^,. itltitM^ott pro- 
Pycnidios pores. If this is dudngbuidiB["proID]^ 
a sexual apparatus, it "''» "> '^"^"8 ^"^^^ 
would seem to be a ves- AftBrTousm. 
tigial one. 

The other structure produced by the my- 
celium in the barberry leaf is the aecidium or 
duslercup. The aecidia usually appear in 
groups on the lower leaf surface, each opening 
upon the surface as a cup containing numer- 
ous simple sporophores bearing rows of spores, 
Fw. 19J.— ICA^alnuCa *''«. f^"'"'^^''" (^- '96)- The scattered 
■pmnogonium (producing aecidiospores that fall upon young wheat 
■permatia) arising from the p)ants germinate, the host is penetrated, and 
"'SETcIS'.SSS''"'' *« "ycdium is produced Ih.l begins lo form 
uredospores. 
Polytwrpkism. — In this life history the fungus passes through 
three distinct phases (the parasitic mycelium bearing uredospores and 
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teleutospores, the saprophytic promycelium or basidium bearing ba- 
sidiospores, and the para^tic mycelium bearing aecidiospores), lives 
upon two unrelated hosts, and produces four (perhaps five) kinds of 
spores. It is natural that such a polymorphous plant should not have 
been understood at first, and that the different phases should have 
received different names. The mycelium tiearing uredospores was 
named Vredo; that bearing teleutospores, not known at first to be the 



same mycelium, was named Puccinia; and the form parasitic on the bar- 
berry was named Aecidium. Now the name Puccinia is retained for 
the plant, and the other names are used for convenience in designat- 
ing the respective stages. Not all rusts include two hosts in their 
life history, and it is usual to distinguish rusts as autoicous (those having 
one host) and h^eroicous (those having more than one host). 

AtternoHon. — Recently the nuclear changes ia the li(e history of wheat rust 
have been traced. In the aecidium, the cell which produces a row of aecidiospores 
H'o nuclei, the second nucleus having entered it from an adjacent cell of 
mycelium. In the subsequent cell divisions the two nuclei divide independently, 
that each aecidiospore contaJDi two nuclei. This binucleale condition con- 



THALLOPHYTES 85 

tinues In the uredospore-produdng mycelium, in the uredospore, and in the young 
teleutospore. In the maturing teleutospore, however, the nuclei fuse, so that 
the cells of the mature teleutospore are uninucleate. This uninucleate condition 
continues in the cells of the basidium (promycelium), in the basidiospores (sporidia), 
and in the mycelium on the barberry. Some investigators see in this nuclear 
history an alternation of generations, the double number of chromosomes (tx) 
being represented by the two nuclei, and the reduction division (resulting in the 
X number) occurring in the formation of the four cells of the basidium. If this 
view is correct, the mycelium on wheat is a sporophyte, and the mycelium on 
barberry is a gametophyte. 

Other rusts. — Owing to its infrequency in those regions, it is evident 
that barberry cannot be a general host in the chief wheat-producing 
areas of North America. Much of the rust attacking the wheat in these 
fields is not P, graminiSf but P, coronata, whose aecidium develops on 
buckthorn (Rhamnus), and P. rubigo-vera, whose aecidium develops 
on Echium, It has been discovered also that uredospores may retain 
their vitality throughout the winter and attack directly the young wheat 
in the spring, thus eliminating the need of an aecidium host. It is also 
found that the basidiospores may germinate upon very young wheat 
plants and infect them, eliminating the aecidium stage in another way. 

The common species of wheat rust mentioned above have now been 
broken up into numerous species and varieties upon what are called 
physiological characters. This means that although they may be alike 
in their appearance, they can be distinguished by their behavior in 
the selection of hosts. 

As might be expected, the complete life histories of comparatively 
few rusts having diCFerent hosts are known. The two hosts do not sug- 
gest one another, and therefore numerous rusts in their various stages 
are described as Uredo, Puccinia, and Aecidium^ without any knowledge 
as to the forms that belong together in a single life history. Recently 
the work of linking these forms together has gone forward with consid- 
erable rapidity. The following list will serve as an illustration of a few 
of the results, showing also the unrelated character of hosts: 

Uredo-Puccinia hosl Aecidium host 

Cereals Barberry, buckthorn, etc. 

Poa Buttercup 

Pea Euphorbia 

Senecio Pine 

Heaths Spruce 

Juniper • • • Apple, haw, etc. 
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(c) Auriculariales 

These are the ear fungi, appearing as gelatinous, earlike growths on bark, 
boaixl fences, etc., a very common form being seen on old stems of elder. When 
moist, the ear is gelatinous and brightly colored ; when dry, it becomes hard and 
gray and wrinkled, and externally hairy. This ear is a complex sporophore aris- 
ing from a mycelium, its internal surface being lined with a hymenium. A section 
of the hymenium shows basidia transversely divided into four cells, each cell giv- 
ing rise to a slender branch (sterigma) which produces a basidiospore. This 
basidium so much resembles that of the Uredinales (the promycelium) that the 
ear fungi are sometimes grouped with them ; but the complex sporophore is dis- 
tinctly like that of the fleshy fungi. 

(d) Tremellales 

These fungi also appear as gelatinous growths on decaying wood and tree tninki^ 
these growths being complex and more or less indefinite sporophores from a myce- 
lium. When moist, they appear usually as thick, wavy, or folded coatings of 
quivering gelatinous consistency and indefinite form. The wavy ridges are coated 
with a hymenial layer, and the basidia are peculiar in being divided longitudi- 
nally into four cells, each cell terminating in a long, slender filament (sterigma) 
bearing a basidiospore. 

n. AtrrOBASIDIOMYCETES 

These are the true Basidiomycetes, the basidium being one-ceUed, 
and they constitute the large assemblage of forms known as the fleshy 
fungi. Two great subgroups are recognized: (I) HymenomyceUs, in 
which the hymenium is exposed; and (II) GasUromyceies, in which the 
hymenium b inclosed. 

I. Hymenomyceles 
(e) Dacromycetales 

These forms are interesting on account of their evident relationship to die Tn- 
. mellales, which they resemble in their gelatinous sporophores. The one-celled 
basidium forks into two long sterigmata, and hence produces two basidiospores. 
It has been discovered that the nuclear fusion in the basidium is followed by two 
successive divisions, resulting in four nuclei, as in all basidia. In spore forma- 
tion two nuclei remain in the basidium, or the two nuclei may move in pain into 
the sterigmata, one of each pair entering the terminal spore. 

(f) Exobasidiales 

This group of parasites attacks, among other hosts, members of the heath family, 
as huckleberries, cranberries, etc., the tips of the shoots, buds, flowers, or young ova- 
ries of the host becoming enlarged and distorted into gall-like growths. These 
affected parts finally become covered with a whitish bloom, made by the basidia 
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eomfaig to the wrfKB, after having broken through the eFMecmb. TIwm 
Ni«''<'"i each bearing four spares, arise directly from the mycelium, witliciut any 
complex qx>rophoie fotmation, differing in this respect from the following groupa. 

(g) Thelepborales 

The sporopborei of these forms appear on tree trunk* as flat and tough leathery 
incrustations, the hymeiuum spreading over the smooth upper surface; or as 
brackets raised above the substratum, the hymenium extending over the under 
lui&cei or OS funnel-shaped bodies lined with tlie hymenium. The general char- 
acter of the aporopbore distinguishes this group from the next ; and the indefinite 
extent of the hymeolttm over tlie sporophore distinguishes both groups from tliose 
which follow. 

(h) CUvariales 

These are the coral fungi, with fleshy sporophores that often dmulate branching 
coral in form, the hymenium covering the whole surface of the branches. There 
are also uabranclied, club-shaped sporophores; but all ue characteristically 
fleshy and hymenium-covcred. 

(1) Agaiicalce 

This is by far the greatest group of fleshy fun^, containing most of 
the so-called mushrooms and toadstools. The complex sporophore is 



Fio. 197. — Ltpiola: a common edible mushroom. — After Coolier. 

usuaOy definite in fonn, being difiTerentiatixi into stipe and ^ieus (fig. 
197), the latter having special surfaces for the hymenium. The prin- 
cipal families are as follows : 
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Hydnaceae. — These are the tooth fungi, so named because the hy- 
menium coveis toothlike or spineliice processes. In simpler forms 
the sporophore resembles aji incrustation, in which case the teeth are 
on the upper surface. In other cases the teeth occur on the under sur- 
face of a. brackel-like sporophore ; while in Hydnum they are upon the 
under surface of the pileus of a mushroom-like sporophore. 

Pcdyporaceae. — These are the pore fungi, so named because the 
hymenium lines lubes that terminate on the surface with porelike 
openings. The sporophores may be incrustations, with pores on the 
upper surface ; or bracket forms (as Potyporus), with pores on the under 
surface; or mushroom-like forms {Boletus), with pores on the under 
surface of the pileus. The incrusting forms and the hard, gray, 
hoof -shaped bracket forms are very common on tree trunks, fallen logs, 
stumps, etc. Many are destructive to trees, the mycelium spreading 
extensively under the bark and through the wood. 

Agoricaceae. — These are the gill fungi, being the common mush- 
rooms and toadstools, and the largest family of fleshy fungi. There are 
bracket forms, but the prevailing type 
of sporophore Is the mushroom,' mth 
stipe and pileus (figs, 198, 199); and 
in every case the hymenium covers 
bladelike plates, which are the gUh 
(figs. 300, 301). Many of the Agari- 
caceae also are destructive parasites 
on trees, the mycelium penetrating 
the host extenavely. 
The development of the character- 

Toung aporophorai 199, loagitudinal istic SpOrophore IS aS follows. The 

»cction, ihowing reUtion of stipe and small buUons consist of InterwoveD hy- 
^"^ phae. Soon the rudiments of stalk 

and pileus appear inclosed in a loosely woven envelope (volva). The 
elongation of the stipe ruptures the volva, whose torn remnant may 
form a ring or sheath about the base of the stipe. In many cases a 
membrane (velum) of hyphal tissue extends in the young sporophore' 
from the margin of the pileus to the sti]ie, covering the gills. When 
the velum is ruptured by the growth of the pileus, it may remain as a 
ring of tissue (annuius) about the stipe (fig. iq;). 

The presence of Iwo nuclei in the young basidium, tlie nuclear fusion, the two 
■uccessire divisions, the migration, of the four nucld into the four steiigmata and 
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K> into the bo^diospores, have all been observed in mushrooma. Id the conmioii 

held mushrDoiii {Agriacus campeslrit) the basidium often produces only two 

MeHgma.ta aod spores, but in such 

cases four nuclei have been ob- 

Bcrved in Ihc mature basidium. 

The vegetative mycelium has been 

observed to be hinuclealc, the can> 

diiion found in the urcdospore- 

teleutospore mycelium of rusts. 

With a uninucleate basldtospore 

and a binucleate mycelium, it is a 

matter of inleccst lo determine 

where the bi nucleate condition 

originates. It is suggested that 

the basidiospore upon germination 

becomes btnucleate. In that case, 

if the interpretation applied to the 

rusts (see p. 84) obtains among 

the mushrooms, the mycelium with 

its sporophore is the sporophyte, 

and the basidiospore represent* 

the gametophyte. 

Fio. aoo. — Coprinui : section of under side 
of pileus, showinR section of the stipe Id the cen- 
3. Gasleromycttes ter. and the radiating (sometimes branching) gilli 

coated by the hjmieiiium. 
These are the tnost highly 

organized of the fungi, the complexity appearing in the structure of 

the sporophore. The hymenium is inclosed within the sporophore, 
which opens only after the spores 
are mature. The sporophore is 
differentiated into an outer zone 
of cortical hyphae {peridsum) and 
an inner mass of tissue (gUba) 
which contains the numerous ba- 
sidium-bearing chambers. These 
chambers either are filled with 
loosely woven hyphae whose lat- 
eral branches terminate in basidia, 
or are lined by a definite hyme- 
Fio. ,o,.-C»^.«««.- section of the mal layer. The gradually i ncreas- 

hymcDium, showing buidia bearing basidio- ing complexity of the sporophore 

spores; the curving of the basidia makes it ^^.jy j^ observed in the following 
impossible to show their actual connectiona 

ina«xtioa. £">»?»: 
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(j) Hymenogastrales 

This group contains the simplest Gasteromycetes, and the name suggests char* 
acters belonging to both Hymenomycetes and Gasteromycetes. The peridium is 
simple; that is, it does not develop in layers, and ruptures irregularly. The gleba 
is not chambered, the basidia simply terminating lateral branches of the glebal 
hyphae. 

(k) Sclerodermales 

In this group the nearly spherical sporophores have a thick leathery (light brown) 
peridium, which finally becomes cracked or ruptured at apex. The leathery perid- 
ium suggested the name of the group. The gleba is chambered, but the chambers 
are filled with interwoven hyphae whose lateral branches bear pear-shaped basidia, 
upon which appear four sessile spores, sterigmata not being formed. 

(1) Lycoperdales 

These are the true pufiFballs, with globular sporophores which some- 
times reach 50 cm. in diameter. The peridium is distinctly two-layered 
and with definite dehiscence. In Lycoperdon the outer layer of the 
peridium gradually flakes off, and the inner layer bursts at the apex. 
In Geaster (earth star) the outer layer splits into stellate spreading seg- 
ments, and the inner layer dehisces by a terminal [)ore (figs. 1 1 23, 1 1 24). 

The gleba contains numerous distinct chambers lined with a hymenial 
layer and also containing a capiUUium, which is a fibrous structure of 
interwoven branching hyphae arising from the wall of the chamber and 
aiding in the dispersal of the spores. 

(m) Nidularialfis 

These are the nest fungi, as the name suggests. The separate cham- 
bers of the gleba become invested each by a membrane of interwoven 
hyphae, and at maturity become freed by the breaking down of the 
intervening tissue. When the peridium opens, forming a cuplike 
structure, the free, membrane-covered hymenial chambers are seen 
l3ring like eggs in a nest. 

(n) Phallales 

These are the stink horns, whose sporophore is more complex than 
that of any other fungi. The sporophore develops on the mycelium as 
a white, egg-shaped body. The peridium is two-layered, but the tissue 
within, which is all gleba in the other groups, is differentiated into a 
central hollow cylindrical axis and an investing dome-shaped and cham- 
bered gleba. At maturity the cylindrical axis elongates with great 
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rapidity into a stout, hollow stalk, bursts through the peridiuniy and 
carries up on its summit the caplike and chambered gleba, the whole 
structure suggesting a stipe and pileus. The gleba thus exposed deli- 
quesces into a slimy, dripping mass with the odor of carrion, which 
attracts carrion flies, by whose agency the embedded spores are dispersed. 

Lichens 

The Aacomycetes, with a single exception, are the lichen formers (see p. 78)^ 
and this exception is a basidiomycete. This lichen is the tropical Cora pavoma^ 
of loose texture, whose mycelium produces basidia at the surface, instead of the 
ordinary ascocarp. The algal symbiont is Chroococcus or ScyUmema, 



CHAPTER II — BRYOPHYTES 

Introdisctoiy. — This great division of plants comprises the liver- 
worts (Hepaticae) and mosses (Musci). The conspicuous features of 
the group as contrasted with thallophytes are as follows: 

1. The establishment of a definite alternatibn of generations. Distinct 
sexual and sexless individuals alternately produce each other, the ga- 
metophyte producing the sex organs (containing gametes), the sporo- 
phyte producing the asexual spores. The two generations are further 
distinguished by their chromosome numbers : the 2x number arises 
from the fusion of the sexual cells, and occurs in all the cells of the sporo- 
phyte ; and the x number occurs in all the cells of the gametophyte, the 
reduction taking place in connection with the formation of the tetrad of 
spores by the mother cell. 

2. The appearance of the archegonium. This female sex organ is 
very characteristic of the groups that possess it (bryophytes, pterido- 
phytes, and gymnosperms). On this account they are often spoken 
of collectively as archegoniates, but the groups are too unrelated to de- 
serve a collective name. The archegonium is a flask-shaped organ, con- 
sisting of a jacket of sterile cells (neck and venter) surrounding an axial 
row of cells (neck canal cells, ventral canal cell, and egg) (fig. 219). 
The cells of the axial row are doubtless to' be regarded as potential eggs, 
only the innermost one maturing and functioning as an egg, the others 
breaking down and leaving an open canal to the egg. 

3. The appearance of a multicellular antheridium. Multicellular sex 
organs and even multicellular antheridia appear among the algae, as in 
Ectocarpus (see p. 46) and Charales (see p. 42), but the antheridium 
of bryophytes is a very uniform and characteristic structure. It is 
more or less stalked, and consists of a single layer of sterile jacket 
celk investing a mass of small cubical sperm mother cells (fig. 210). 
The sperm is also of a definite kind, consisting of a small, more 
or less spirally curved body bearing a pair of long terminal cilia 
(fig. 211). 

9« 
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I. HEPATICAB 
Oeneral chuacter. — The liverworts are of great interest on account of 
their apparent relationship to the green algae on the one hand, and to the 
higher plants on the other. Through them the aerial habit of green plants 
seems to have been estabhshed. This change in habit involved more 
compact and better protected bodies, and the change from swimming 
spores to aerial spores; but it is important to note that the swimming 
habit was retained by the sperms. Three groups of liverworts are recog- 
nized, each having developed special features: (i) MarchaiUialts, 
(a) Jungermanniales, and (3) AntkocerotaUs. 

(l) HABCHAirniLBS 

This group may be represented by its two prominent families, Riccio' 
ceae and MarckatUiaceae; the former representing the more primitive 
forms, the latter the highly specialized forms. 

Ricdaceae. — The genus Rkda including Rkciocarpus) contains 
aquatic as well as terrestrial species, so that this family belongs to both 
the water and the land. 

GamHopkyte. — The gametophyte is a flat, dorsiventral body and 

branches dichotomously (fig. aoa). This dordventral habit results in a 

differentiation of the body into two 

distiDct repons. The dorsal (upper) 



Fnt. aoi. — Rictia; ihowing 
the doniTentral, dicholomouaijr 
bruiching gametophyte, which 
puts out thizoidi and scala from 

iti ventral surface; the rows at Fio. loj. — Xitcia: section through dorsal 

dark bodies in the bottom of the re^on of Ihallus, showing the inlercellular clefts, 

compicuous grooves on the dorsnt often enlarging ioto chambers, by mcnns 

Stuface are sporophyles. which of which the ceils containing chloroplaats are 

show ako the position formerly ballied by an internal atmosphere. — After 

occupied by Ihe archegonia. Barnes and Land. 

region is composed of green tissue, the intercellular spaces developing 
as numerous deep and narrow clefts, which in some cases broaden 

into chambers (hg. 303), so that all the green cells are bathed by 
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an internal atmosphere. The superficial cells (epidermis) of the 
dorsal region, discontinuous on account of the numerous clefts, may 
or may not contain chloroplasts. The cells of the ventral region, 
against the substratum, do not contain chloroplasts, and the super- 
ficial cells often give rise to simple, hairlike rhizoids that serve as 
holdfasts. 

AtUheridium. — The antheridia occur in discoid areas slightly raised 
above the general surface of the thallas, each antheridium standing at 
the bottom of a deep pit formed by the overgrowth of the surrounding 

tissues (fig. 204). 
The antheridium 
develops from a 
single superficial 
cell (antheridium 
initial), and con- 
sists of a superficial 
layer (wall) of ster- 
ile cells investing a 
compact mass of 
sperm mother cells 

Fko. ao4. — Riccia: section through the thallus along one (fig. 210). 
of the dorsal grooves, showing the tissue at the bottom of the The antheridium in- 
groove bearing antheridia (to the right) and archegonia (to the ... 1 « 1 m 

left) ; the rhizoids are shown arising from the lower surface . aevelops a papil- 
of the thaUus. ^*^ protrusion, which 

is cut off by a trans- 
verse wall as a projecting cell. A series of transverse divisions transforms this 
projecting cell into a row of cells. Then vertical (pericliruU) walls cut off central 
cells, which by successive divisions produce the mass of sperm mother cells (figs. 
205-2x0). In each mother cell two sperms are formed, the oblique spindles for 
which are shown in two regioils of fig. a 10. 

Archegonium, — The archegonia are sunk in deep pits or furrows of 
the thallus by the overgrowth of the surrounding tissues. The arche- 
gonium develops just as the antheridium as far as the projecting cell. 
This cell, however, divides by three vertical walls that surround an inner 
cell on all sides. A transverse division of this cell then completes the 
investment of a central cell. This central cell, by transverse divi- 
sions, develops the axial row, consisting of four neck canal cells, a 
ventral canal cell, and the egg. The investing sterile cells develop the 
venter and neck, the latter consisting of six vertical rows of cells (figs. 
212-219). 
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Sporoph^. — The fertilized egg (fig. 320) pniduces the s^rophTte 
(called sporogtmium in the bryophytes), which when mature is a spherical 
body, consisting of a wall layer of sterile cells investing a mass of spo- 
rogenous cells (figs. 331- 
336). In producing this 
body the egg by succes- 
sive divi^ons usually 
first becomes a sphere 
of eight cells (octants). 
Then periclinal (parallel 
with the surface) walls 
cut oFT an outer layer of 
ceW&{amphHkecium) that 
forms the wall of the 
sporophyte. The group 
of inner cells is the 
endotktcium, which by 
successive divisions pro- 
duces a mass of sporog- 
enous tissue. The cells 
produced by the last 
divisions of the sporog- 
enous tissue are the spore 
mother cells, each of 
which produces a tetrad 

of spores (fig. 336), dur- pios. »s-iii. — *;«»«.■ derelopment at On to- 
ing which process the tberidium; 105, fint division of the superficial ioitlal 
reduction In Ihe number ?'''■ '?' I""*"* rf .= si" ™ to ih. •"kfHdl.n.i 
106, nnt transverw division of the anthcridi&l cell; 
of chromosomes occurs. ^,_ (imher transverae divisions; jo8, the beginning ol 
The mature sporophyte, vertical walh; 109, complelion of periclinal vatls sq»- 
therefore, is simply a "-I^K 'h' "Jl of Ihc anlheridium from the spetm.tog- 
^ ' enous celta; no, an almost mature antheridium, show- 

spore case. The venter ing ,i,e short stalk, the wall, and the man of cubical 
of the archegonium apermalogenous celk in conipicuous blocks; an, a 
grows also, forming a •?*"". «f"'»''"« 'he bidliale brjophybc type (b«ly o( 

... aperra black; adjacent liB 

special mvesting StniC- out of the mother 
ture, the calyptra (fig. 

335). Finally the wall layer of the sporophyte and the layers of the 
calyptra become disorganized, and the spores are free in the archegonia] 
chamber. Tbe spores upon germination produce the gametophyte body. 
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Condusions. — The life history of the Ricclaceae suggests certain 
impoitant conclusions. The sporopbyte is the simplest known among 




Flcs. iia-iio. — Riccia: derelopment of the archegonium ; jij, first diviooTi of the 
superficial iniliil cell, the prolrudinj; cell to give rise to the archegonium; atj, the 
three vettical walls (two seen in section) investing an inner cell, the retallon between 
the three wails being shown in the cross section, >i4; 31;, further derelopment of jacket 
cells, completely investing a central cell (first ccli of aiiai row); ai6, first division of 
central cell into primary neclc canal cell (upper one) and primary ventral celli 
117. further development of the jaclcet and ajual row, the latter showing Ihe fouToed 
canal cells and the ventral cell (lowest and largest); >iS, division of Ihe ventral cell to 
produce Ihe ventral canal cell and Iheegq; 119, a completed archegonium, showing neck 
and venter, and Ihe axial row. consiiitiiig oi four neck canal cclb, a ventral canal cell, 
and an eggj no, fertili/aliun, showing male aod female nuclei fusing in the i^. 
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liverworts, bdng only a spore case, and from such a structure many sup- 
pose that sporophytes of the higher plants hare developed. This primi* 
tive sporophyte is dependent in a large measure upon the gameto* 
phyte for its nutridon, so that it ^peats simply as a spore case 
developed by the gametophyte. 

The gametophyte, on the other band, is far from bong the Amplest 
gametophyte known among liverworts, being quite complex in structure. 
The simplest liverworts should combine the simplest gametophyte with 




FlOB.Mi->i6. — Riccia: deTvlopmmt of the aporophyte {sporogonlum) ; j»i, Gnt 
dIvIiIoD of the fertiliEnl tgg (ooaporE). truisveise to the loBg aiUof ihe archrgonium ; 
911, quadrant or octant Mage; iij, atlll later Mage; 1M> the coming En of periclinal 
walls Uiat Kpaiale the amphithcciuni (outer layer of cells) from tbe endolhedum (after 
Carbes); 395. portion of aporophyte ihowing three of the numerous free mother celb 
produced, and the Investing calyplit (two layers of cells); "6, tetrads (of spoie^ pro* 
duced by the mother cells. 

the simplest sporophyte, but such a combination is not known, and per- 
haps it no longer exists. It follows that while the history of the liver- 
wort sporophyte may well begin with the Ricciaceae, the history of the 
liverwort gametophyte must begin with other forms. 

MarchantiAceae. — This family includes the most highly specialized 
of the Marchantiates. The familiar genus Marchaniia may be used as 
an illustration. 

Gamelopkyte. — The gametophyte body is a highly developed thallus, 
whose dorsal region contains a series of large air chambers domed by the 
epidermis and containing special chloroplast-containing cells (fig. 337). 
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These special cells are in short and more or less branching fila- 
ments that arise from the floor of the chamber and contain the chlo- 
roplasts, and are thus freely exposed to the internal atmosphere. This 
remarkable apparatus is one of the specialized features of the Mar- 
chantiaceae. In the center of the epidermal dome, roofing each air 
chamber, there is developed a chimney-like air pore. In the ventral 
region the tissue is composed of colorless cells, and the ventral epidermis 




FlG. a a;. — MarchatUia: section through young air chamber (a), showing the special 
chloroplast-containing cells («), the epidermal roof (e), and the air pore {p); the cells 
beneath the air chamber (s) also contain chloroplasts; therhizoids and scales on the 
ventral surface are not shown. 

develops two kinds of rhizoids and two longitudinal rows of scales. 
Upon the dorsal surface cuplike structures (cupules) are produced, 
which contain special reproductive bodies (gemmae) , which can develop 
new gametoph3rtes (figs. 228, 229). The gemma of MarchatUia is a 
discoid body with two notches on opposite sides, the growing points 
being located at the bottom of the notches (fiigs. 1118, 1119). 

In the development of the gametophyte body there are usually three distinct 
stages : (i) a filament of varying length ; (2) the development in the terminal cell of 
an apical cell with two cutting faces,' by means of which the thallus begins to 
broaden; and (3) the development of an apical cell with three or four cutting faces, 
by means of which the thallus begins to thicken. 

Sex organs, — The sex organs are not scattered over the dorsal sur- 
face, but are restricted to definite areas, these areas becoming disks of 

'The current names for apical cells are somewhat confusing. For example, an 
apical cell with two cutting faces is called "two-sided"; one with three cutting faces 
a "three-sided apical cell," etc. It is evident that in each case the free surface of the 
cell forms another side, and that a "two-sided apical cell" is really three-sided; a "three- 
sided apical cell" is really four-sided, etc. That there may be no confusion, we have 
used the somewhat clumsy expression "an apical cell with two cutting faces/' etc 
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spedal structure {receptacles). In some cases the receptacles are sessfle, 
but in MarchatUia they become long-stalked, the archegonial and an- 
theridial receptacles occurring on different gametophytes. 

The receptacle borne by the antheridial branch is a disk with 
lobed margin, a growing point being at the tip of each lobe (fig. 
228). Over the upper surface of this disk the antheridia occur in 
flask-shaped cavities formed by the overgrowth of the adjacent tissue. 
From the bottom of each cavity a single antheridium arises (rarely 
two), similar in structure to those described under Ricciaceae (figs. 
205-2x0). 

The receptacle borne by the archegonial branch is star-shaped (fig. 
229), the archegonia occurring in the notches between the rays, in con- 
nection with the growing points* They arise from the upper surface 




228 




Flos. 9a8, at^."-^ Marehantia : aaS, thallus bearing antheridial branches and a 
cupule; aa9, a laiger thallus bearing archegonial branches and a cupule. 

(morphologically) of the disk, but as this becomes the apparent lower 
surface by the overgrowth of the upper surface, they hang within the 
notches neck downward. They develop as in the Ricciaceae, but there 
are usually eight neck canal cells (figs. 212-219). 

SparophyU, — The sporophyte begins to develop as among the Ric- 
ciaceae, but not all of the cells of the endothecium produce sporogenous 
tissue. Approximately half of these cells give rise to the sporogenous 
tissue and spores. This means that the sporogenous tissue in the sporo- 
phyte of MarchatUia is reduced as compared with that of the Ric- 
ciaceae. The remaining tissue of the endothecium, since it does not 
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produce ^x>ies, is said to be sterile. This sterile tissue in Marckantia, 
which was sporogenous tissue in the Ricciaceae, forms a region of the 
sporophyte quite distinct from the spore-producing region, so that in the 
mature sporophyte three regions are rect^jnized: 
(i) the capsule, containing the spores; (s) the 
seta, a short stalk beneath the capsule, which 
elongates rapidly aa the capsule matures; and 
(3) the foot, a spreading structure in which the 
seta ends, and which anchors the sporophyte in 
the gametophyte and also acts as an absorbing 
organ (fig. 230). 

The spore production of Marckaniia is further 

diminished by the fact that not all the potentially 

sporogenous cells produce spores. Some of them 

become converted into curious elongated, fiber-like 

cells with spiral thickening (elalers), which by their 

hygroscopic movements assist in loosening up the 

spore mass in connection with dehiscence and 

Fia. ijo. ~~ Uar- Scattering. The usual calyptra is formed about 

chaiUia: sporophyte, jjip developing Sporophyte by the venter of the 

^^.^^"IndX archegonium, but at maturity the capsule breaks 

teti), Mtn, »Dd foot through this by the rapid elongation of the seta. 

{erobeddtd ia liutic of ^fter its escape from the calyptra the capsule 

breaks irregulariy and discharges its spores. 

Condusioiis. — The Marchantiales are characterized by a distinct 

and strong diSerentiadon of the tissues of the gametophyte, leading to 

the highly complex thallus of Marchanlia, with its specialized mechanism 

for photosynthesis. There is observable in the group also a distinct 

tendency in the sporophyte toward the sterilization cf the potentially 

sporogenous tissue into the sterile tissue developing the seta and foot. 

This means that seta and foot are derived historically from sporogenous 

tissue. The development of the seta, moreover, is associated with the 

dispersal of spores, its rapid elongation freeing the capsule from the 

calyptra. The further sterilization of potentially sporogenous tissue in 

the production of elaters is another feature of the group, and is also 

associated with spore dispersal. On the whole, the chief distinction of 

Marchantiales as compared with the other groups of liverworts is the 

difTerentiation of the tissues of the gametophyte, which has reached its 

e:ttreme expression in Marchanlia. 
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(2) JUHOBRMARinALBS 

General character. — This is by far the largest group of liverworts, its 
members living in all conditions of moisture from very wet to very dry. 
They are especially abund^t in tropical 
forests, being very common on the bark of 
trees (epiphytic) and on leaves (epiphyllous), 
while some grow on the ground. Two great 
groups are recognized : (i) thallose forms, 
whose gametophyte body is a thallus resem- 
bling that of the Marchantiales in general 
outline (see fig. 777); (2) foliose forms, with 
leafy bodies (fig. 235). However, there is Fio.aar.— Petfia: thaUus 

, . J . - xi_ II L j» bearing a sporophyte with 

complete gradation from thallus bodies, j^^^ ^^^ (indicadng also 
through those whose thallus is more and position of archegonium) ; 
more deeply lobed, to those in which the ^^^ ^»*^^ «*<^ o** *^« «^^*^^ 

, . , , i« .• . 1 portion of the thallus in- 

lobes have become distinct leaves. ^^^^ antheridia. 

The most essential distinction between the 
two groups is based upon the position of the archegonia, which of 
course involves the position of the sporophytes. In the thallose forms 
the archegonia are on the dorsal surface of the thallus (figs. 231, 232); 

and on this account they are 
called the Atiacrogynae, mean- 
ing archegonia not at the apex. 
In most foliose forms the apical 
cell becomes an archegonium 
initial; and on this account they 
are called Acrogynae, meaning 
archegonia at the apex (fig. 235). 
The acrogynous Jungerman- 

Fio. 2S2.-^Symphyogyna: thallus showing ^j^^^ ^^ j^^^^^ commonly as 
lobed margin and beanngtwo sporophytes on ' 

its dorsal surface. the leafy liverworts, or some- 

times as scale mosses. 
In contrast with the Marchantiales, the Jungermanniales show very 
little differentiation of the tissues of the gametophyte; but they show 
very great differentiation in the form of the gametophyte. 

(a) Anacrogynae 

Gasnetophyte. — The gametophyte of the simplest Anacrogynae, 
duch as Aneura and Pellia, are the simplest gametophytes known among 
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liverworts (fig. 331). They consist of dichotomously branching plates 
of similar cells, all containing chloroplasts, and with no differentiation 
of tissues into dorsal and ventral regions. 

In developing from the spore, only two stages are to be observed: (z) the fila- 
mentous stage, followed by (2) the stage of the apical cell with two cutting faces. 
Among the Marchantiales it was noted that these two stages are followed by an- 
other, which is accompanied by a distinct differentiation of tissues. The adult 
thallus of Aneura and Pellia, therefore, represents an embryonic stage of the 
thallus of Marchantiales. 

If the sporophyte of Riccia were combined with the gametophyte of 
Pellia in a single life history, the result would be the simplest hypothetical 
liverwort. Among the more highly developed Anacrogynae (Fossom- 
hronia^ Blasia, Symphyogyna^ etc.) the gametophyte becomes more 
complex, beginning to lobe and to develop indistinct leaves (fig. 232), 
and in some cases the body becomes distinctly leafy. These leafy forms 
are classed among the Anacn)g)mae, however, because the aichegonia 
are dorsal and not terminal. 

The gametophytes may be multiplied vegetativdy in various ways: 
(i) by the death of main axes, thus isolating branches; (2) by gemmae, 
which are many-celled bodies formed on the surface of the thallus or 
cut off from the margin ; in Aneura two-celled gemmae were said to 
escape from cells of the thallus, but this statement has been disproved ; 
(3) by tubers, which are special subterranean branches formed at the 
end of the growing season and which remain dormant until the return of 
favorable conditions. 

Sex organs. — The sex organs occur singly or in groups on the 
dorsal surface of the thallus (figs. 231, 232) or of special branches. 
In Aneura f for example, the antheridia are sunk singly in pits or 
chambers formed by the overgrowth of the surrounding tissue (as in 
Marchantia), 

The development of the antheridium is very different from that described for 
the Marchantiales. The projecting papillate cell, derived from the antheridium 
initial, divides transversely, the lower cell by successive divisions building up a 
stalk of varying length. The outer cell, which is to form the somewhat globular 
body of the antheridium, divides by a vertical wall, and this is followed by four 
other vertical and intersecting walls, so directed as to cut off four peripheral cells, 
which inclose two central cells. The peripheral cells form the wall of the antherid- 
ium, a single layer of cells in thickness ; while the two central cells give rise to the 
sperm mother cells. The sperm has a more or less coiled body and the usual 
pair of long terminal cilia* 
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The archegonia are developed as among theMarchantiales, with three 
vertical intersecting walls, a cap cell, and a central cell which develops the 
axial row. In this case the neck canal cells are six to eight in number. 

Sporophyte. — The sporophyte, even of Aneura, is more complex 
than that of MarchatUia. Much more of the sporophyte is sterile tissue, 
the sporogenous tissue being still more restricted. The sterile tissue 
develops a foot and an elongated seta (fig. 231); and the spore output 
is still further reduced by the development of elaters and by the use of 
some of the sporogenous tissue in nourishing the functioning mother cells. 
In certain forms there occurs also a mass of sterile tissue projecting into 
the spore chamber from above (Aneura) or from below (Pellia), which, 
on account of its relation to the elaters that radiate from it, is called 
an daierophore. As in MarchatUia, the seta elongates with great rapidity 
when the capsule is mature. The capsule opens usually by the longi- 
tudinal splitting of the wall into four pieces (valves) , which is a more defi- 
nite and special mechanism for dehiscence than is developed among the 
Marchantiales. 

Conclfssions. — The anacrogynous Jungermanniales exhibit some of 
the simplest gametoph3rtes known among liverworts. There is a ten- 
dency for the gametophyte to pass from the thallose state to the leafy 
state, thus changing in form, but without any marked differentiation of 
tissues. The sporophyte is more highly developed than among Mar- 
chantiales, in the sense that there is more sterilization, more organization 
of the sterile tissue, a stronger development of the seta, and a more spe- 
cialized dehiscence. Apparently it is a group which has retained the 
primitive structure of the gametophyte for a long time, but in which 
the sporophyte has developed rapidly. In Pdlia and Aneura, therefore, 
we find the simplest gametophyte associated with an advanced sporo- 
phyte, the converse being true of the Ricciaceae. 

(b) Acrogynae 

General character. — A good representative of the leafy liverworts 
is Pardla, As has been said, the Acrogynae are characterized not only 
by being leafy forms, but chiefly by the fact that the apical cell of special 
branches becomes an archegonium initial. This apical position of the 
archegonium and hence of the sporophyte (fig. 235) is in sharp contrast 
with their dorsal position among the Anacrogynae. 

Gametophyte. — In the development of the gametophyte there may 
be three stages: (i) the filamentous stagei (2) perhaps the stage of an 
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apical cell with two cutting faces, and (3) the stage of the apical cell 
with three cutting faces. It should be noted that this is one more stage 
than shown by Aneura (see p, loa), but it is not absolutely certain that 
the second stage occurs, at least with any regularity. The apical cell 
of the last stage, cutting off three series of segments, gives rise to three 
rows of leaves — two dorsal and one ventral. The mature dorsiventral 
bodyconsists of adistinct branch- 
ing aids (stem) bearing two rows 
of dorsal leaves (figs. 233-335), 
which are usually two lobed; 
and one ventral row of very 
small leaves against the sub- 
stratum (amphigaitria), variable 
in form (fig. 233). The two 
lobes of the dorsal, chlorophyll- 
bearing leaves are equal or un- 
equal; and in certain epiphytic 
forms the lower (ventral) lobe 
forms a small sac containing 
water. 

The kinds of vegetative multi- 
plicadon are the same as given 

under Anacrogynae (see p. loa), 
Fios. »tt-M(. — J*ar«Wa; a.i], ventral i_ , .■ _ n 

*w,j»J!i»o™,nll».= J„pbi,„- >»" "" S=n™« "e usiaUly 

tria) in the middle line, snd the donat leaves simpler, often consisting of only 
with iheir veadal kbes; »3«, potiion of ga- Que or two cells separating from 
melophyte sbowinathieeanlheridial branches: ,i_ i ,_ . 
M5,7ametoph7e -iU. two ^rhegonial the leaf margins, 
bcanchea beonng tennlnal sponphytei (open- Sez organs. — The antheridia 
iag by four valves), and three other arche- of Poretla are on short lateral 
^^"^ """^ branches, which differ very 

much hi appearance from the sterile branches (fig. 234). They are 
conspicuous on account of the closely imbricated leaves, in each of 
whose axils there is a single, long-stalked, and globular antheridium 
(fig. 336). The development of the antheridium is as described under 
Anacrogynae (see p. loz). 

The archegonia also occur on short lateral branches (fig. 235), being 
found in a group at the apex. This group is usually surrounded by a 
rosette of modified (usually enlai^ed) leaves. The archegonia arise 
from segments of the apical cell, and finally the apical cell itself becomes 
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an arcbegonium initial. The neck canal cells are six or eight in number, 
and the neck is almost as broad as the venter. 

The two kinds of sex organs may occur upon the same plant 
{vumoecious) or upon diiTerent plants (dioecious). 

^porophyte. — The sporophyte (sporogonium) is as described for the 
Anacrogynae (see p. 103), with a conspicuously elongated seta, the same 
reduction of sporogenous 
tissue, and the capsule 
dehiscing by four spread- 
ing valves (fig. 335). 

Conclusioiis. — The es- 
sential contrasts between 
Jungeimanniales and 
Marchantiales may be 
stated as follows : In 
Marchantiales there is 
(i) a difFerendation of 
the tissues of the gameto- 
phyte, but no special 
differentiation of form, 
(a) less sterilization of 
potentially sporogenous 
tissue, (3) Uttle or no 
development of the seta, 
an(f (4) irregular dehis- 
cence of the capsule. In 
Jungermanniales there is 
(i) a differendation of 
the gametophyte into 
axis and leaves, but little 
or no differentiation of tissues ; (3) greater sterilization of potentially 
sporogenous tissue ; (3) strong development of the seta ; and (4) a 
definite dehiscence of the capsule by four spreading valves. The two 
groups differ also in the method of development of the antheridium. 
In the main, the archegonia of the two groups are similar, the axial 
row including six or eighl neck canal cells (the exceptions being Ricda 
with four and Sphaerocarpus with two). The archegonium is a very 
persistent ("conservative") structure, but the gradual disappearance 
of the neck canal celts is one of the conspicuous facts in its very slow 



lo6 MORPHOLOGY 

evolution. It is this gradual disappeaiance that must be noted in 
connection with subsequent groups. 

(3) AltTHOCBROTALBS 

Oanenl character. ^ This is a small group comprising four genera: 
Aiiihoceros and Notothylas of the temperate re^ons ; Dendroceros, an 
epiphytic tropical genus; and Megaceros, a genus recently described from 
Java. Although few in numbers, the group is of great morpholo^cal in- 
terest on account of the claims made for it that it possibly represents the 
ancestral forms of pteridophytes. Its possible relation to the mosses 
also further emphasizes its important genetic portion. It differs so 
much from the other liverworts as to have suggested its separation from 
them as a third great group of bryophytes, coordinate with liverworts 
and mosses. In Marchandales and Jungermanniales there is extensive 
differentiation of the body of the gametophyte, either in structure or in 
form; but in Anthocerotales there is a dmple gametophyte, white the 
spoiophyte is the most complex among liverworts. 

Gameta^iliyte. — The body of the gametophyte is a simple thallus (figs, 
339, 240), almost as simple as that of Aneura, and much simpler than 
that of Marchanlia, The margin is often wavy, lobed, or crisped ; and 
in Dendroceros the lobing in 
some cases suggests rudi- 
mentary leaves. The thallus 
matures by means of an 
apical cell with four cuttii^ 
faces, the preceding stages 
appearing as usual. There 
I are two marked peculiarities 
of the gametophyte body in 
most of the genera : (i) the 
usually «ngle large chloro- 
plast, generally in contact 
with or even more or less 
investing the nucleus; and 
Fl0..37.->t-|A*.<r«..«,imlh.ridiaI chamber ,j ^^ mucilage . cavities, 
containing three anlhendii. ^ ' " 

which open by clefts on the 
ventral surface. In these cavities endophytic Nosloc colonies occur. 

The sex organs are developed on the dorsal side of the th^lus, but in 
:ertain features they differ strikingly from those of other bryophytes. 
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AnAeridium. — The antheridia are embedded in the th&Uus and are 
tberefore hard to detect (fig. 237). The antheridial initial is a superficial 
cell, but it does not develop a papillate protrusion as in the other liver- 
worts. A transverse (periclinal) wall divides it into an outer and an 
inner cell. In the other groups the outer cell develops the antheridium, 
but in Anthocerotales the antheridium is developed from the inner cell. 
By a succession of anticlinal and periclinal divisions, the outer cell 
produces two layers of cells, which form an outer wall or roof to the 
antheridial chamber. 

The inner cell develops one to several antheridia. The method of development 
of «n intheridium, whether directly from the inner cell or from one of its daughter 
cells, is as follows: two vertical walls at right angles to each other result in four 
cells ; transverse walls result in several tiers of four cells each ; periclinal walls in 
the upper tiers cut off an outer wall layer and an inner group of spermalogenous 
cells ; and the lower tier* (sometimes only the lowest) develop a more or less elon- 
gated stalk. The antheridium or group of antheridia thus produced lie in what 
may be called an antheridial chamber (&g. 337). 

Archegmium. — The archegonia also are in the tissue of the thallus. 
in this respect resembling the archegonia of pteridophytes (fig. 238). 
In all other bryophytes they are entirely 
superficial structures. As a result of this 
reladon to the thallus, there are no sterile 
jacket celb (neck and venter) very dis- 
tinct from the adjacent cells of the thallus. 
The essential part of an archegonium, 
however, is the axial row, and in the 
Anthocerotales tU. is the only distinct F^„8._^,ufe^, ..a^ 

Structure. gonia, showing " embedded " char- 
acter; in the archegonium to the 

The general outline of development of this right the complete uia] row is 

axial row is aa follows: a superficial cell divides shown (beginning below, the cells 

transversely, giving rise to outer and inner celU ; ="= *« *Bg. ventral canal ceU, and 

■ the outer cell divides transversely, giving rise lo f""' """^ ™"'' ""■' '^'PP^ *^ 

the MP etU and the primary neck canal ceU; the «•>= """^ .^=1I» C'*" y^'b^t)-, m the 

, „ . , . , „ . . archegonium to the left, the neck 

toner cell IS the /*.marj-i««/roi««; the primary ^^,^ ^^^ ^^ ^^^ ^ ^ 

neck canal cell, by two successive divisions, (»nal celb have disorganiied, and 
develops a row of tour neck canal cells ; the there is a passageway open to the 
primary ventral cell, by a single transverse egg, which is ready for fertilization. 
division, forma the ventral canal cell and the 

e^. At maturity the cap cells are thrown ofF, the neck and ventral canal cells 
break down, and a broad caual !■ open to the qg (fig. 333). 
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Sporopliyte. — The sporophyte of Anthcx:erot8les deserves special 
attention on account of its structure and on account of its degree of 
independence (figs. 239, 340). The outline of its development b as 
follows: the fertilized egg divides by a vertical 
wall (transverse in other bryophytes) ; subsequent 
transveise and vertical walls result in three tiers 
of four cells each; the three tiers produce foot, 
seta, and capsule. The innermost tier develops 
a foot which penetrates the thallus by rhizoid- 
lifce processes, and finally becomes a large bulbous 
structure (fig. 341). The middle tier, which also 
contributes somewhat to the foot, develops the 
so-called intermediate zone, corresponding in 
position to the seta of other groups. It is a 
region of active cell-division, continually adding 
to the capsule below, which thus becomes an 
elongated structure by basal growth (as distinct 
from apical growth). This growth may not con- 
tinue long, resulting in a short capsule (Noto- 
Ihylas, fig. 340); or it may continue long enough 
_ to result in a much elongated linear capsule 
lAffwroMLfajglihAUi^rf (Antkoceros, fig. 239). Where the sporophyte 
-4 ■iAoerrat bearing aporo- (sporogonium) emerges from the thallus, a 
phyla; the iwo sporo- tubular shcath is developed around its base by 

phyta to the tight jhow ,.,,,„ ' 

the dehiscence by two 1°^ tissue of the thallus. 

nhes, leaving the colu- Capsule. — The development of the outermost 
1°"*^ *^i»AWo*^L^' ^^' " capsule formation is especially noteworthy, 
■porophrtei. By ^ series of transverse walls a number of tiers 

of cells is produced, and periclinal walls cut off a 
peripheral layer of cells (amphithecium) inclosing a group of central celts 
(endothecium). Among the Marchantiales and Jungemianniales there 
is the same setting apart of two regions, the amphithecium producing 
the capsule wall, and the endothecium developing the sporogenous 
tissue. Among the Anthocerotales, however, the two regions develop 
in a very different way. The endothecium does not develop sporogenous 
tissue, but forms a central axis of sterile tissue (columdla), which in 
ArUhoceros usually shows sixteen cells in cross section. By periclinal 
walls, the amphithecium becomes two-layered, and the inner layer is the 
sporogenous tissue, which thus caps the columella in a domelike layer; 
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later the spotogenous tissue becomes two layers of cells. The outer layer 
of the amphitbecium develops a capsule wall of four or more layers, the 
outermost one being the epidermal layer, 
consisting of elongated narrow cells and 
containing stomata similar to those of vas- 
cular plants. The stomata are related to 
the fact that the wall layers beneath the epi- 
dermis are chlorophyll tissue, giving to the 
sporophyte the ability to manufacture food. 
The intermediate zone adds continuously 
new capsule re^ons below; therefore in a 
longitudinal section of a capsule the whole 
sporogenous series may be seen, from one- 
layered sporogenous tissue below, through 
two-layered sporogenous tissue, mother cells, 
and tetrads, to mature spores above (fig. 
341). The capsule dehisces by splitting into 
two valves, which separate downwards as 
the spores mature, leaving the spores ex- 
posed upon the columella (fig. 339). 

In many cases some of the sporogenous 
cells do not form spores. These sterile 
groups of cells break up the continuous 
mass of sporogenous cells into more or less 
separated groups. This tendency to break , 
up the sporogenous tissue into separate of a sporophyte, showing bulbous 
smaller masses by intervening sterile tissue ^°°' embedded m the gamMo- 

/ ,.,.„, , , phyle; above the fool ia the zone 

IS an important fact, which will be referred of„ciively dividing ceUs elongat- 
to later. These sterilized and somewhat ing the sporophyte; the base of 
modified sporogenous cells are called "** "p*""^ "^^ "" P="P*'™1 

, 1 , ..n. r . chlorophyll tissue, the sporoge- 

elaters, but they are different from those ^^^ tissue (m first one layer 
found among Marc hanti ales. This green of cells, then dividing to (onn 
sporophyte, with its sterile and elongating ^° '»^">- *"<■ '*>« col""'"*; 

J . .■ . 1 section from middle region show- 

ans, and its sporogenous tissue broken up j^ ^p^^ ^^^^ ^^^ ^th sienle 

into smaller masses, is very suggestive of a cells between; section ftom upper 

possible relation to the completely inde- '^°" showing letrada and 

J. i_^ f,i_ ^■ji__, steriliied sporogenous cells. 

pendent sporophyte of the ptendophytes, 

Coiu;hisi<Ais. — Among the Anthocerotales there is a remarkable 
association of a primitive type of gametophyte with a highly developed 
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sporophyte. In considering the sporoph}rtes of liverworts in general, 
it is evident that from Riccia to AtUhoceros there is a progressive sterili^ 
zation of sporogenous tissue, the sterilized tissue forming the vegeta- 
tive structures. Among the Anthocerotales three additional features 
of the sporophyte are noteworthy: (i) the beginning of independence 
by the development of green tissue; (2) the beginning of sporangia by 
the breaking up of a continuous sporogenous mass into separate smaller 
masses ; (3) the establishment of a sterile axis by the transfer of the spo- 
rogenous tissue to the outer region of the capsule, which suggests the 
beginning of a region for the development of vascular tissues and the 
beginning of superficial sporangia. 

It should be understood clearly just what is meant by such a state- 
ment as that the Anthocerotales have certain features suggestive of the 
pteridophytes. It does not mean that the pteridophytes have been 
derived from the Anthocerotales or from any of the bryophytes. It 
means simply that the sporophyte of the Anthocerotales represents 
a stage of progress like one through which the pteridophytes may have 
passed during their evolution. The plant groups as we know them now 
certainly did not give rise to one another, but they can be used to sug- 
gest general stages of progress, of whose real details and connections 
we know nothing. 

2. MUSCI 

General character. — This is the great group of bryoph3rtes, both 
in numbers and in specializaition. While the liverworts may be the 
more interesting from the standpoint of suggestions as to phylogeny, the 
mosses are the representative bryophytes in our present flora. For so 
great a group it is very well defined and consistent. Mosses are widely 
distributed, being found in all habitats except salt water, and are 
especially conspicuous in colder regions (alpine and arctic), where they 
form a prominent feature of the vegetation. They seem to have been 
derived from liverworts, and their sporophyte characters, at least, 
suggest a possible connection with Anthocerotales ; while in certain 
features of the gametophyte the resemblance to Jungermanniales is 
more evident. Three groups are recognized: (i) Sphagnales, (2) Ath 
dreaeales, and (3) Bryales. 

(i) Sphagnales 

General character. — These are the bog mosses, all of which belong 
to the single genus Sphagnum. They are large, pale mosses, character- 
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istic of the swampy re^ons of higher latitudes, where they often fill up 
bogs and form peat, whence they are often called peat mosses. 

Gametoidiyte. — The gametophyte begins as a filament (fig. 343), 
and then by means of an apical cell with two cutting faces develops 
as a simple fiat thalius with rhizoids (fig. 343), just as in the ampler 
liverworts. The moss character appears 
in the development from this liverwort- 
like thalius of an upright leafy branch 
(fig. 343). This radial leafy branch, 
from a doisiventral body, is called vari- 
ously the adult shoot, the gametophore, 
or dmply the leafy branch. The name 
gametophore is used because thia branch 
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face view of cells oC leaf, Bhowing tha 
narrov elongated celli (c) conUiniag 
chloroplaata, uid the lesa Dumeroiv bja- 
line cells (A) with pores (p); 145, por- 
tion of cioss lectioa showing same 



Flos. a4i, HI- — Sphagnum! >4>, 
jouDg gametophyte, showing the SlameDt 
■rising from the spare, a chiioid, and 
the thalius beginning to develop b; an 
apical ceU ; 14J. mature thaJlus, with 
rhizoids, producing lealy branches. — 
After - 



bears the sex organs, just as in Marckanlia the sex organs are borne 
on erect but leafless branches. 

The leafy branch develops by means of an apical cell with three 
cutting faces, and hence there are three vertical rows of leaves. These 
branches are densely leafy and profusely branching, forming terminal 
tufts (fig. 346). 
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The leaves st Grst have similar cells, but later there Is a stritdng difTerentiatiotl, 

certain of the cells becoming enlarged, hyaline, and perforate (figs. 144, »4S). 
It is this abundance of hyaline cells and paucity of 
chlorophyll-containing cells that give a pallid look to the 

The axis of the teafy branch is diSerentiated into three 
regions : (i) a cortex of empty and perforate cells, like the 
hyaline cells of (he leaf; (z) a cylinder of elongated cells 
with thick walls and small caliber (proteruAyma) ; and 
(3) a pilhlike axis. 

There are no special structures for vegetative 

multiplication, but great masses of individuals are 

formed by the indefinite growth and bnmching 

above, accompanied by dying oS below. 

Fio. u6-—Sphag. Antbeiidium. — The antheridia occur on special 

"lih^^^ll^dt^ densely leafy branches resembling small catkins 
(fig. 146). The leaves also usually differ in color 

from the ordinary leaves, and in the axil of each there is a solitary 

globular and long-stalked antheridium (fig. 247), just as in Pordia 

(see p. 104). These antheridia 

develop by means of an apical 

cell with two cutting faces, the 

lower segments forming the 

stalk, and the upper segments 

forming the capsule, which is 

initiated by a series of peri* 

clinal walls that cut oS the 

peripheral wall layer from a 

central spermatogenous group 

of cells. The antheridium 

opens by irregular lobes and 

discharges the two or (hree- 

coiled biciliate sperms. 

Archegonium. — The arche- Fl0.i4J. — Sphagnum: an antheridium ari»- 

■„ „. ,|,„ „ _ , Ing on branch between two Icbves, showing the 

gon.a occur at the apex of ^^^^^ ^^,^ ^^ ,^^ ^,^^^,^^ ^^^. ^^^^ ^^ 

short branches, at ihe top of consisting of a wall (a single layer of alia) in- 
the plant (figs. 248, 249). '"ting a mass of BpetmaloRcnous cells pn 

They are stalked and free, "W^h blocking c.n be dis.ingta,hed). 

and develop as In the acrogynous Jungennanniales, the archegonium 

initials being segments of the apical cell, which itself finally becomes an 
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iiutial. The msturc archego- 
nium is stalked, with a mas^ve 
venter, a long and often twisted 
neck, and numerous neck canal 
cells (fig. 249). 

SpOTophyte. — The sporophyte 
{fig, 350) develops at first by a 
series of transveise walls until a 
short filament is formed, which 
later becomes massive by means 
of vertical walls. The upper tiers 
develop the capsule, which is 
organized as in Anthoceros, with 
the endothedum developed as 
the axial columella, with the 
^mrogenous tissue cut off as an 
inner layer (becoming four 
layers) of the amphithecium pio. n8.~-Sp]up«4m.- Mem bcdng ■ 

and capping the columella like tennlnal duiIU of sporophytes, ihowliig the 

a dome, and wUh a waU of five p»"^ *^ »rchq[onia. 

to seven layers. These AtUhoceros-Uke features are further emphasized 

by the large bulbous foot and the rudimentary seta, which is only a 
necklike connection between capsule and 
foot, and is often called the neck. Very 
important differences, however, are as 
follows: (i) there is no such development 
of chlorophyll tissue in the wall of the 
capsule as characterizes iifUftoceroj; (a) the 
neck is not a growing region, and hence 
the capsule does not elongate ; and (3) the 
capsule dehisces by a definite lid (oper- 
culum), which is distinctly a moss character. 
As in all bryophytes. during the develop- 
ment of the sporophyte the venter of the 
Tio.t49. — sphagnum: .ur- archegonium develops the encaMugcalyptra, 

(ace view of three archegonia; which in Sphagnum is ruptured by the 

the middle archegonium shows growinB capsule. 

the ijJril dirartion of the Cl!1 , ,. , ^ i e-^L ■ *i. 

TOWS of the neck. - After ^ peculiar feature of Sphagnum is the 
ScHiKFn. pseudopotHum, which is a structure replac- 
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ing in function the suppressed seta. It is fonned b; the elongation 

of the axis of the leafy branch beneath the sporophjrte, and as it beara 

the capsule at its summit, it resembles an ordinary elongated seta (&g. 

350). Of course the foot of the sporophyte 

is embedded in its tip. 

Coodusioiifi. — The Sphagnales present 
a remarkable mixture of liverwort, and 
moss characters. The simple thallus 
body of the gametophyte resembles that 
of the anacrogynous Jungermanniales; 
the special leafy sex branches suggest the 
I acrogynous Jungermanniales ; while the 

sporophyte is organized as in the Antho- 
cerotales. On the other hand, the erect 
leafy branches of the gametophyte and 
the operculum of the sporophyte are both 
distinctly moss characters. In addition to 
these characters in common with liver- 
worts and true mosses, Sphagnum possesses 
Fio. >s»— S/A"*-"-.- »poro- Qjjjgj. characters pecuUar to itself, 
phylc, showing the globular cap- '^ 

Buie vith operculum (lid) and It was remarked that the Amplest con- 
dome-shapRl mus of Bporogcnous ceivablc livefwoTt would be produced by 
S SlSl'trS; t:,^ "">l>i»i"8 ">« g^tophyte of Pdli, with 
root embedded in the apei of tha the sporophyte of Riccia. So in produc- 
leaf^wds (gamrtophyte), which ii Jng Sphagnum, one might imagine a com- 
cxteoded beyond the l»v« to ,^j ^^ ^j ^^ gametophytes of the two 
Tonn the slalklike (seta-like) '^ '^ ' 

iBcudopodium. groups of Jungermanniales with the spo- 

rophyte of Anlkoceros. 
• The features of Sphagttum that distinguish it from true mosses in 
general are (i) the tballose gametophyte, (2) the axillary antberidta, (3) 
the dome-shaped sporogenous tissue derived from the amphithedum, 
and (4) the pseudopodium. 

Such a form is often called a transition form, but better a synthetic 
form, for it combines the characters of several groups. 



(3) AimREAEALES 

Oanaral character, — This group comprises a, single genus (Andreaea) of sfll- 
ceou3 rock mosses. Sphagnum is bydrophytic, but Andreaea is very zerophytic 
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It Is introduced here partly to illustrate the possible effect of changed condltionB 
upon structure, but chiefly to illustrate another synthetic form. 

Gametophyte. — The gametophyte develops first as a mass of cells {primary 
tubercle). From the superficial cells of the primary tubercle extensively branch- 
ing filaments arise, which represent the proUmema of the true mosses, as contrasted 
with the thalius of Sphagnum and the liverworts. The branches of the filament 
that enter the rock crevices are rhizoids ; those that remain exposed to the light 
are green and may assume any one of three forms dependent upon conditions : 
(i) they may remain filamentous; (2) they may form flat plates; or (3) they 
may form cylindrical masses. The leafy branch may arise from any of these three 
forms. Arising from filaments, it resembles a true moss ; arising from a plate 
of cells, it resembles Sphagnum. 

Sex organs. — The antheridia occur at the apex of a special branch, involving 
the apical cell ; this resembles true mosses and not Sphagnum, In form, however, 
the antheridium is globular and long-stalked, resembling Sphagnum and not the 
true mosses. The archegonia also occur at the apex of a special branch, this 
character being common to leafy liverworts, sphagnums, and true mosses. 

Sporophyte. — The sporophyte presents the great peculiarities of the group. 
The sporogenous tissue is cut off from the endothecium as the outermost layer of 
cells, a feature resembling true mosses but not Sphagnum ; but the sporogenous 
tissue caps the columella like a dome, a feature resembling Sphagnum but not true 
mosses. A pseudopodium develops instead of a seta, as in Sphagnum, The 
dehiscence of the capsule is very peculiar, for instead of the operculum of other 
mosses, there are four vertical slits that do not reach the apex, recalling the four 
valves of the capsule of Jungermanniales. In fact one of the Jungermanniales 
(JSymphyogyna) has just this dehiscence by means of four vertical slits. 

Conclusions. — The combination of characters may be summarized as follows : 
the gametophyte is either thallose, as in Sphagnum, or partly filamentous, as in 
true mosses ; the antheridia are terminal, as in true mosses, but long-stalked and 
gk>bular, as in Sphagnum; the sporogenous tissue is derived from the endothecium, 
as in true mosses, but caps the columella, as in Sphagnum and Anihoceros; the 
capsule dehisces by four slits or valves, as in Jungermanniales, and not by an 
operculum, as in other mosses ; a pseudopodium is developed, which is a feature 
of Sphagnum, but not of true mosses. 

(3) Brtalss 

General character. — This is the great assemblage of mosses, dis- 
tingiushed from all others as true mosses. It includes the most highly 
organized bryophytes, and is their most representative group, but it 
seems to be a closed line; that is, it has given rise to no higher groups. 
Although a vast group, it is so uniform in general structure that a single 
account will suffice. 

GametoptLyte. — The gametophyte is a branching filament (proto- 
nema, fig. 251), which is the equivalent of the thalius of Sphagnum 
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and the liverworts. In these groups the thallus in its development 
passes through two or three stages, the first one being filamentous ; in 
the true mosses this earliest filamentous stage persists. This fact is 
associated with the development of the erect leafy branch (gametophore) 
characteristic of mosses. With green tissue displayed by erect branches 
the display of green tissue by the thallus body declines, and the 
thallus finally remains in an embryonic stage. Although the leafy 

branch is the con- 
spicuous part of 
mosses, it should 
not be thought of 
as the gametophyte, 
but as a branch of 
the gametophyte 
(fig. 251). In cer- 
tain mosses, known 
as reduced forms, 
this branch is not 
so prominent in its 
display of green 
tissue, only a few 
leaves appearing ; 
in fact it may bear 
only a single scale 
leaf in addition to 
the sex organs. 
The leafy branch 

Figs. 351-254. — True moss: 951, leafy branch arisiDg , . , 

from protonema and putting out rhizoids; a weU-devcloped develops by means 

"resting bud" is shown; 353, terminal rosette containing sex of an apical Cell 

organs; 353, rosette containing archegonia; a $4, a sporo- ^jjjj three cutting 

phyte arising from a cluster of archegonia. . _ ,, 

faces. 1 he segments 
are cut into outer and inner cells, the former, for the most part, 
developing the leaves ; the latter the axis. The leaves usually consist 
of a single plate of green cells, often thickened in the middle so as to 
resemble a midrib. 

Vegetative multiplicatioii. — The power of vegetative multiplication 
is remarkably developed. The leafy branch bears the sex organs 
above the moist substratum, so that the conditions are not favorable 
for swimming sperms. As a consequence, fertilization in many mosses 
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is rare, and in some cases even sex organs are rare. Therefore, It is 
probable that reproduction is chiefly by vegetative multiplication, which 
may occur as follows : (i) the isolation of branches by the death of 
older axes ; (3} the production of gemmae ; (3) the production of resting 
buds on the protonema, which seem to be only arrested branch buds 
(fig. 351) ; and (4) under appropriate conditions, the development of 
a new protonema from any part of the leafy branch, or from fragments 
of leaves and axes. It follows that a gametophyte once started may 
propagate indefinitely. 

Sex organs. — The sex organs are grouped at the end of the main 
stem or of its branches. Around this terminal cluster of sex organs 
the leaves usually become modified in form and 
sometimes in color, forming a sheath or a rosette 
(figs. 251, 253), the whole being the so-called moss 
" flower," a most inappropriate name. The anther- 
idia and archegonia may occur toother in the same 
cluster, or they may be in separate clusters, and 
sometimes they are intemiixed with multicellular 
hairs (paraphyses). 

In the true mosses the antheridia hold the same 
relation to the apical cell that the archegonia 
hold in the acrogynous Jungermanniales and in 
Sphagnales. The antheridium initials are seg- 
ments of the apical cell, and the apical cell itself 
usually becomes an initial. The growth is by 
means of an apical cell with two cutting faces, and 
the form is usually club-shaped, with a stalk of 
variable length. In discharging the sperms, the 
cells at the apex separate, the mother cells are dis- 
charged en masse, and then the tip cells spring 

together again, so that empty but complete anthe- 
-J, ,. , ■ ,, , Fios. ass, >S6- — 

ndia are often observed (fig. 255). Trucmo„, isi.L»n- 

The archegonia differ from those of the liverworts theridium discharging 
in one important particular. The central cell (pri- »P*"° '^'^*' ~'|^ 
mary oogenous cell) does not form all of the axial Aficr Sacos. 
row, which is added to by successive divisions of the 
cap cell. The mature archegonia of mosses are usually more conspicu- 
ously stalked than in the other groups, with more massive venter, and 
with smaller, more numerous, and more ephemeral caoal cells (fig. 357). 
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Spnophyte. — The sporopbyte is the most characteristic and com- 
plicated stiucture in true mosses (fig. 254), As it develops from the~ 
fertilized egg, the venter and sialic of the archegonium 
develop a remarkable calyptra, which enlarges very 
much, but is finally ruptured near the base by the 
growing sporopbyte and is carried up as a cap or hood 
OD the top of the capsule. The first division of the 
egg is transvei^, and an apical cell with two cutting 
faces is developed in the outer cell or in some one of 
its early progeny. A variable number of segments 
is cut off (fig. 358), resulting usually in a much 
elongated embryo. In the upper end of the embryo 
the usual differentiation into ampbithedum and endo- 
thecium occurs ; the former develops into several 
layers, the latter into quite a mass of cells (figs. 359, 
a6o). The sporogenous tissue is cut off late from the 
periphery of the endothecium, but does not cap the 
columella, which extends completely through the 
capsule as an axis (figs. 361, 362). The sport^nous 
tissue becomes two layers of cells, the mass not being 
dome-shaped, as in Anihoceros 
and Sphagnum, but barrel-shaped. 
Among bryopbytes, the sporoge- 
nous tissue, therefore, reaches its 
greatest relative reductioD in true 



Fio. 157. — Tra* Captuk. — The final stnictun of the 

MMt: an archeeo- capsule Is extremely complex, and a , 

nlum, ihowlng the longitudinal section may be outUoed at 

eon.j?ltuoui BJk, follow.(6g, 263), beginning with theoul- 

SSS^r,^ "-^^ (0 the epidermal Uyer.(,)«vcr,I 

me««.di»r««izid chlorophyll ti«ue, (4) a tapetal layer ^^^ ZZ^Oe 
neck cuul cdli). (seep. 116); these four regioni belong to ^^^ ^ ^^ ^jj^j 

the amphilhedum. The endothecium is cell. After BAUna 

differentiated as follows: (5) the two layers of sporogenous and Lum, ined. 
cells, (6) an inner tapetal layer, (7) a region of intercellular 
cavities traversed by threads of chlorophyll tissue, (3) the columella. The 
inner region of cavities (7) is pt«tent only In such peculiarly organized forms 
aa Pelytridwm. At the matuiily of the capsule the water falls, all the 
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tfawei betwceo the etddennal Uyva dry up, and Ibe tpom tn bee b Ibe luge 

Opo'cvium and ptrisiome. — The developmenl of the opercuhim b a>mp]Icated 
(Gg. 364). It is sometimes early differentiated from the capnik by A ihalknr de- 
pression where a narrow zone of cells forms a 
plane of cleavage. Above and below thie 
cleavage plane the tissue grows more ia[^ly, 
resulting in two evident rings; (he upper one 
is the atiHulus, the lower one the rim. The 
rim is the more or less thickened top of the 
umlike capsule; but the annulus is a definite 
ring which often becomes detached. The 
sterile apei is at first solid, the center, occu- 
pied by endothecial tissue, being a continua- 
tion of the columella. The sporogenous 
tissue and the region of cavities end just 

opposite the cleavage plane, *o that they are — ■* 

not represented at the apsx. The amphi- Fn»- »S9. **>. — Tnu moit: 
thecial region of the npsi develops in a '^^- lonsitudind section of lip of 
peculiar way. The outer walU of one of the ^""^ •P>">phyte. showing differen- 
' ; , , ,, , „ , • > tiation into unphitbeaum (three 

inner layers of cells (usually the mnermos.) ,^y^ ^, ^^ J^^ ^^ ^^^^^ 
become much thickened ; this layer is an- ^^^. ^^ ^„ ^,^^ ^j ^^ ^^^ 
chored to the rim below by a plate of thick- ii,c cells of the eDdothedum shaded. 
walled cells. When the tissuesof the capsule — After Cauutunjint. 
dry out, all the tissues within the opereulum, 

— except this heavy layer of walls, 

disappear, and the operculum 
slips 08 like a cap, leaving these 
heavy walls In a conical group of 
toothlike projectioni {prriitomt) 
anchored below to the rim. Some- 
times there are two sets of peri- 
stome teeth, in which caae both 
the inner and the outer walls of 
the peristome-forming cells be- 
come thickened. There are 
J many variations in peristomes 

In detail of devebpment and in 
FlOS,a6i, 16a. — TnuMUfi.' j6i, ioogitudinal P*"=">- 
section of dp of sporophyte showing (below) the ApophysU. — The loWCT 

•eveial wall layers (amphitheduin), the sporoge- _. » , 1 j 

nous Uyer (.haded) cut oH from the endoth,^ V^ <»f the capsule tloCS Dot 
duDl,«nd{above)thebcginningotlheopercu1um; always develop spOrogeHOUS 
s6j, cross-Kclion of same, showing (beginning at tissue; it is then charaCtCT- 
center) columella, single layer of sporoncnous , . , . j^ 1 t 

cells, and eight or nine wall lajrrs developed from '^ ^r » gr^^t" display of 
the amphitheduin. — After Chakbxuain. - chloK^byll tissue aodstomaUt 
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(fig. 263). This principal chlorophyll-bearing region of the sporophyte 
{apophysis) often is conspicuous, and sometimes becomes remarkably 
expanded. 

Seta. — The seta is highly organized, with a central strand of elon- 
gated cells (not vascular); in fact it is the most highly differentiated 
axial structure below vascular plants 
(see figs, 1013-1016). 

Tlie great groups. — The prindpal 
groups of so large an assemblage of 
forms as the true mosses should be 
indicated, but it should be under- 
stood that they are extremely un- 
satisfactory, because they are very 



Fio. 163. — True moss: longjludlnal 
BectioD tluvugh B mature capsule, show- 
ing operculum, perislome, columella, 
■poiogencnis liuue, complex wall of the 
capsule (co[U[dcuoua In which U the 
air-chamber regioD), and the apophysis 
(the regioQ between the acta and the 
bottom of the air-chamber region). 



Fig. 164, — Trvt mots: 
the operculum in longitudinal lection; 
large cells in epidermal row belong b> 
uinulus; within are the Ihickening 
walls (shaded) of a laj'er of amphitbe- 
cial cell, to form the peristome, which 
is anchored by spedal cells 10 the rim 
of the capsule below the annulus; three 
Bpoiogenous cells (shaded) represent the 
top of the sporogcnous layer, to the 
left of which is the large air-chamber 
developed in the amphlthedum. — 
After Chamberlain. 



artificial. The two main divisions are (i) Cleislocarpae (or cleisto- 
carps), characterized by the absence of an operculum, and hence with 
no peristome, the capsule opening by irregular rupture or decay ; and 
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(2) Stegocafpae (or stegocaips), characterized by an operculum and 
generally a peristome. The stegocarps are much the more numerous 
and representative mosses, comprising two groups : (a) Pleurocarpae, 
with the archegonia (and of course the sporophyte) terminal on short 
lateral branches ; and (b) Acrocarpae, with the archegonia terminal on 
the main axis. Highest among the stegocarps is the great family Poly- 
trichaceae, of unusual size and complexity in both leafy branch and 
sporophyte. The leaves have a specially organized chlorophyll tissue ; 
the central region of the stem and seta almost suggest conducting tissue ; 
and there are distinct leaf traces. 

Condusioiis. — Some of the general conclusions as to bryophytes 
may be summarized as follows: The gametophyte begins as a simple 
thallus body and culminates as a filamentous body bearing erect leafy 
branches. This is the gametophyte at its best, for in the higher groups 
it is much less highly developed. Such a gametophyte introduces condi- 
tions unfavorable for the functioning of sperms. 

The sex organs are fairly constant, the archegonia more so than 
the antheridia. There is a shifting in position from a general distribu- 
tion over the dorsal surface of the gametophyte to special regions, 
and finally to the tips of leafy axes, and in this terminal position the 
archegonia preceded the antheridia. The conspicuous exception in the 
development of sex organs and their relation to the gametophyte is 
found in Anthocerotales, in which they are embedded in the tissue of 
the thallus, the antheridium developing from the inner cell resulting 
from the periclinal division of the initial, and the archegonium being 
invested by the growing tissue of the thallus. This relation of the arche- 
gonium to the tissue of the thallus is characteristic of pteridophytes. 

The sporophyte begins as a simple spore case, being all sporoge- 
nous except the single layer of wall cells. But progressive sterilization 
of potentially sporogenous tissue proceeds through all bryophytes, 
culminating in the true mosses, in which the sporogenous tissue is 
much reduced in extent and appears laie, and the great bulk of the 
sporophyte consists of sterile tissue, from which develops a foot, a 
highly differentiated seta, and a capsule of remarkable complexity. 

The sporophyte is dependent upon the gametophyte in all bryophytes, 
but there is evidently a tendency towards independence, as shown by 
the development of chlorophyll tissue, which reaches its highest ex- 
pression in Anthocerotales and in the apophysis of certain mosses. 



CHAPTER III— PTERIDOPHYTES 

Ihtioductory. — The gap between bryophytes and pteridophytes is 
perhaps the greatest in the plant kingdom. To pass from the leafless, 
dependent sporophyte of bryophytes to the leafy, independent, vascu- 
lar, root-bearing sporophyte of pteridophytes is a very sudden and 
complete change. One of the great problems in the evolution of 
plants is to explain how the leafless sporophyte became a leafy one ; 
and a part of the problem is to discover the most primitive sporophyte 
among pteridophytes, concerning which there is great diversity of 
opinion. For convenience of presentation, the sequence of groups 
suggested by Bower will be used. 

(z) Ltcopodialbs 

Genexal character. — The club mosses are widely distributed and 
comprise about one eighth of the living pteridophytes. The group 
includes four living genera and also numerous extinct forms, among 
which are some of the oldest known vascular plants. The three genera 
Lycopodium^ Phylloglossum, and Sdagindla are evidently closely 
related, forming a very natiural group, while the fourth genus, IsoeUSt 
has given rise to much discussion as to its affinities. 

Lycopodium 

General character. — This genus, comprising about loo living species, 
is in all probability one of the oldest living genera of vascular plants, 
and possibly is represented in the Paleozoic. It deserves a somewhat 
full description, as it is possibly the best living representative of the 
earliest forms of vascular plants. 

Sporophyte. — The sporophyte in its simplest form is a simple stem 
covered with very numerous small leaves, and on the upper side of 
each leaf there is a single large sporangium (flg. 265). Leaves bearing 
sporangia are called sporofhyUs^ and therefore this simplest vascular 
sporophyte is a simple leafy stem, with every leaf a sporophyll. An 
assemblage of sporophylls is a strobilus^ and therefore this primitive 

Z83 
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sporophyte is a strobilus. The problem, therefore, is how such a leaf- 
less sporophyte (sporogonium) as occurs among l»70phytes could 
become a strobilus 
or rather a stio- 
tnldd body. 

An explaiuttioii cf 
Uie origin of tbii body 
bai been suggested by 
Bower's theory of the 
stroUlus. Tbe par- 
ttally independent ^»o- 
rophyte of Anihoarot 
B selected H illuatmt- 
ing a poidble ancesbul 
condition of vaacul&r 
plants St toe level of 
bryoph/tes, and the 
possible succesnve 
changes are outlined 
as follows: (i) the 
sporogenous ttinie 
becomes mote and 
more superficial (a 
change begun when 
the sporogenous tissue 
is transferred froni 
the cndothecium to 
the amphithedum) ; 
(1) the continuous 
sporogenous layer be- 
comes broken Into 
separate masses by In- 
tercalated sterile tracts 
(a condition prtamt 
among Anthocerota- 
■es); (3) the aeparated 
sporogenous masses 
become more super- 
Gdal, resulting In an 
alternation of gieen 
tissue and spoit>g»- 

nous tissue! (4) the p^^ ,6s. — Lya>podium pOkyoida: a sporophyte amsM- 
intervening green \ng<d a branching slem covered with small leaves, each leaf 
tissue develops green bearing a sporangium; the simplest type of LjcopediHm sporo- 
expanslons (small phjti^ except that it is branchlii^ 
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leaves), each one having at base a mass of sporogenous tissue (sporangium). 
This final structure is the simple Lycopodium body just described. It is the 
so-called Selago type, in which all or nearly all the leaves are sporophylls, and 
hence practically the whole body is a strobilus. It must be understood that this 
proposed origin of the Lycopodium sporophyte is simply a theory, but it is a 
very suggestive one. 

The more complex sporophytes of Lycopodium are branching bodies 
(fig. 265). There is a gradual sterilization of the lower sporophylls, 

which thus become simply foliage 
leaves. Finally the sporophyte 
becomes differentiated into two 
distinct regions : that bearing 
foliage leaves and that bearing 
sporophylls. The sporophylls 
finally become quite different 
in appearance from the foliage 
leaves and are organized into 
a compact strobilus, which is 
sometimes separated from the 
branching leafy body by a long 
stalk bearing only rudimentary 
leaves (fig. 266). 

Vascular system, — The anat- 
omy of the stem emphasizes 
further the primitive character 
of this sporophyte. A cross 
section shows two regions : the 
cortex^ an outer region of living 
cells; and the central cylinder 
or stele^ in which the vascular 
S3rstem (conducting system) is 
developed. The vascular system 
has been found to be of great 
importance in any study of the 
evolution of vascular plants, 
and, therefore, the oudine of its history must be indicated. In the 
simpler lycopodiums, or in young stems, the vascular system of the 
stem forms a solid axial cylinder, in which the xylem (the group of 
water-conducting vessels) is completely surrounded by the plUoem 




Fto. 966. — Lycopodium compianahim: a 
sporophyte showing distinct dififerentiation be- 
tween foliage region and strobilus. 
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(food-conducdng cells), 
such an airangement be- 
ing called the concentric 
arrangement. This most 
primitive vascular system 
of the stem, therefore, 
consists of a ^ngle, solid 
cylinder with concentric 
xylem and phloem (com- 
monly spoken of as a 
concentric cylinder), to 
which type the name 
ProlosUle has been given. 
In mature stems of Lyco- 
podium, the solid xylem 

.t-.-^ ™».. ^:„:j. !„.^ Fro. »67. — Cra«« seclloQ of the centra] rtgfeoo* Ml 

strand may divide into ^^^ „^'„f iy^p^,„«, ^^i,^ u>e i,m« region o( 

branches which run the conei sunouDdiog the ccotral Mele, In which the 

tbroush the stele as Ivnachesof Ibe^emmasi are irregulailjdutribuled; 

I . J aection of tour leaf tiaces are uen In the cortex, each of 

several strands sepa- ,i,em showing the limpleconotntric arrangement O^yJem 

rated by pithlike tissue aunounded by phloem). 

(fig. 267). From the vascular cjl- 
inder strands pass out through the 
cortex, where they are called leaf 
traces (fig. 967], and enter the 
leaves, where they become condnu- 
ous with the veins. 

Spofanghnn. — The large spo- 
rangium is borne upon the upper 
(adaxiaf) surface of the sporophyll, 
near the base. The sporangium 
initial is superficial (fig. 368), and 
is a transverse row of six to twelve 
FKia.a6fi-!.7o. — Sporangium of iyHi- ^ells; in some cases it consists of 
Sl^hyu'bLri jnu^rtdafitdiili"^^ two or three such rows. Each of 

(ono of a transverse row) on its adajial thcSC initial Cclls divjdcS by a pcH- 
face near the base; ,6g, further develop. j-Kn^l wall (parallel with the SUT- 
ment of the initial; 17a, division of initial , , ... , 

Into primaTT wall cell (outer) and prima.7 facc), resulting m an outer and an 
u cell (inner). — Aiicr Uoweb. inner transverse row of cells (figs. 




126 MORPHOLOGY 

370, 271, 37a). The outer cells are the primary waU cdh, wMch by 
subsequent di^ons ^ve rise to a sporangium wall of at least three 
layers of cells. The inner cells are the primary sporogenous cdis, which 
by subsequent diviMons give rise to a considerable mass of sporogenous 
tissue (fig. 373). This method of sporangium formation, by which the 
inner cells, following periclinal division of the superficial initials, give 
rise to the sporogenous tissue, is called the eusporangiaie method, and 
plants exhibiting it are often spoken of aa eusporaagiaies. All vaaculai 




27* 
Fios. tTt-*74- — Sporangium of LycepeJitim: 171, 171, view of ro<iiig iponiigiiiiii 
In different plana, showing primary wall layer, primu; iporogenoui tissue (shaded), 
and the uodcrlyiog (ubarcheapoiiat pad; 173, section showing further deielapimenl of 
spoiogenous dame; 174, cdder sporangium, shawiog ttalklike lubarchespoiial pad, 
three Will layers, the Innermost of which ta the tapetum (shaded}, a»l the nuaded cS 
•nd aepanted spore mother cells. — After Bowxk. 

plants are eusporangiates except the modem fems, whose peculiar 
method of sporangium formation will be described later. 

The sporogenous dssue is invested by a special nutritive layer known 
as the tapetum or tafietal layer (fig. 274). In Lycopodium the outer 
portion of the tapetal layer is composed of the innermost wall layer, 
and the inner portion of the sterile tissue contiguous to the sporogenous 
tissue. The tapetum, therefore, is simply the layer of sterile cells 
abutdng against the sporogenous tissue, which have I)een transformed 
into feeding cells. This function gives to the layer a very characteristic 
appearance, making it quite distinct from the sterile tissue out^de 
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and the sporogenous tissue inside. When the tapetal layer has become 
a complete investment, the sporogenous cells cease dividing by ordinary 
division and b&ome mother cdls, each of which forms a tetrad of spores 
by two successive divisions, known as the reduction divisions (see' 
p. 6i). 

Beneath the sporangium, which in section is often somewhat kidney- 
shaped, there is developed a cushion of sterile cells or even a short stalk, 
known as the subarckesporial pad (figs. 371, 373, 374), in which the 
vascular elements end. In certain extinct lycopods with very large 
sporangia, sterile strands or plates radiate from this subarcbesporial 
pad into the large mass of sporogenous tissue, probably bdng sterilized 
sporogenous cells. These sterile strands are important to note, as 
indicating a tendency to divide a large sporangium into chambers. 

Gametophyte. — The gametophyte of Lycopodium is a very char- 
acteristic structure and suggests very little connection with the gameto- 
phytea of Uverworts. When the spore germinates, 
there is produced at first a subterranean tuberous 
body {primary tubercle), which later gives rise to 
an aerial, lobed, green portion bearing the sex 
organs. The gametophyte is diSerentiated, there- 
fore, into two distinct regions (fig. 375), The 
subterranean tuberous part is variable in form 
and is often highly differentiated into tissue regions 
(fig. 276); it always contains a characteristic endo- 
phytic fungus, which inhabits a definite region of 
the body. This may be regarded as the primitive Fw. »js.— G«ineio- 
kind of gametophyte body in Lycopodium, but ^^, "^ ^y^P^m 
there are two vanations that are important. In ihe diflerenttaiioo loto 
certain species the aerial region is lacking, leaving tubemui region uid 
the gametophyte simply a subterranean, tuberous "^'^ After Broch- 
body (fig. 377), which, of course, bears the sex 
organs. In certain epiphytic species the tuberous region is lacking, 
the gametophyte being entirely aerial. 

Antheiidium, — The antheridium (figs. 378-382) begins as a super- 
ficial cell, which enlarges and then divides by a periclinal wall. The 
outer cell following this division is the primary wall cell, which forms 
an outer wall of one layer of cells; the inner cell is the primary sperma- 
togenous cell, which produces a large number of spermatogenous cells, 
those of the last division being sperm mother cells. This method of 



128 MORPHOLOGY 

antberidium development resembles closely the eusporangiate methud 

of sporangium development, and is always associated with it. It is 

interesting to note that only the A'nthocerotales amoifg bryophytes 

approach this method of antheridiuro formation in the fact that the 

inner cell following 

the periclinal division 

gives rise to the sper- 



The spenns are re- 
markable among 
pteridophytes in be- 
ing biciliate, a char- 
acter which belongs 
to the sperms of 
bryophytes (fig. a8a). 
Archegonium. — 
The archegonium 
also resembles tliat of 
the Anthocerotales in 
being an embedded 
structure. The out- 
line of its develop- 
ment is as follows: 
It begins as a super- 
ficial cell, which 
divides by a trans- 
verse wall (fig. 183), 
the outer cell being 
■ the primary neck ceil, 
the inner one the 
inner ceil. The inner 
cell divides by a 
transverse wall, re- 
sulting in a row of 
three cells (fig. 384), 

Flo. aj6. — Section of Eamclophyte of Lycopadium amt- a condition of the 
pbuatam, showing crown (g) bearing anthcridia (0) and anrhegonium Very 
archeiFOnia fa') (in one, e, the embijo sporoiihyte has de- , _ ti 

veloiTd), and th. tuUrous region (0 with highly differenU- Commonly Seen. Be- 
Wcd tissues, — After Bruchuann. ginning with the 
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outetmost one of this row of cells, they are called primary neck ail, 
rentral cdl, and basal ctil. The primary neck cell, by successive divi- 
sions, develops a neck consisting of several tiers of cells (figs. 284- 
286), with four cells in each tier. The central cell develops the axial 
row as follows: the first transverse division results in the primary 
ruck canai oil (the outer one) 
and the primary ventral cell 
(the inner one, fig. 285). By 
successive transverse divi- 
sions, the primary neck canal 
cell produces a variable 




Figs. 178-181. — Antheridium of £.]k«^hmi 
davatum: 978, to the right ■ fouag Bnlheridium 
alter Ihe bat division (peridinal) of the luper- 
Gdsl initial cell; 10 Ihe left a much oidrr 
FlO. 177- — Gmelo- aDtheridiiun; 379, young antheridium after di- 

phyte ig) of Lycopodiam vision of primary wall cell and prim.ity ipenna- 

amioJiwiim (entirely tuber- logenoua cell; aSo, further development of 

ous and subterranean), sperDutogeDoua tissue; iSt, nearly mature aa- 

bearing a young sporo- (heridiutn. showing the wall (consistint; of one 

phyte (j, 0; the ground layer of cells) and (he mass of iperraaioKcnous 

line is ahown. — After cells; i&a, two sperms, showing the bitiliate 

Bruchmann. character. — After BncrcHXANN. 

number of neck canal cells (fig. a86) ; in some cases four to six, but 
in other cases as many as thirteen have been observed. This ex- 
traordinarily large number of nctk canal cells is regarded as a low 
character, since a steady decrease in the number of neck canal cells 
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is observed throughout the groups having archegonia. The primary 
ventral cell, just before the maturity of the archegonium, divides into 
the ventral canal cell and the egg, and finaUy aU the canal cells dla- 
organize (fig. 387). 




Fics. 183-187. — Archegooiuni at Lycopodium davalum: aSj, young •rdugonlun) 
after Ihe firat diviiioo (periclinal) of the aupcrfidal iniliaJ, rcaullinB In the primaiy 
Deck cell (outer) and inner cell; 1B4, division of neck cell and also of Inner cell, the 
latter division resulting in bawl cell aud central cell (both shaded); 185, division of 
central cell, giving ri« to primary neck cana! cell {outennost shaded one) and pri- 
mary ventral cell {middle shaded one); i36, the completed axial row, consiillng of ^i 
neck canal cells, the ventral canal celt, and Ihe egg; 187, breaking down of cana! cells, 
leaving a passageway to the egg. — After Bkucbmakn. 

Embryo. — The embryo of the Lycopodium sporophyte develops in 
a very characteristic way (figs. 388-393). The fertilized egg divides 
by a transverse wall, the resulting outer cell being the suspensor ceU, 
and the inner one the embryonal ceil (fig. 388). The suspensor cell 
may or may not divide, but in any event it usually becomes elongated. 
The suspensor is an oigan of the embryo, but does not enter into its 
permanent structure, which is developed by the embryonal cell. By 
successive divisions this cell becomes four cells (figs. 289, 390), which 
are related to each other as unequal quadrants of a sphere. Two of 
these quadrant cells develop the foot, which is an absorbing organ of 
the embryo while it is feeding upon the gametophyte. One of the 
remaining quadrant cells develops the stem, and the other the first leaf. 
It is to be observed that in this firet differentiation of body regions the 
root is omitted, but it develops later from the tissue produced by the 
leaf quadrant (fig. 394). The foot is a structure of the sporophyte 
found among the bryophytes, among which the sporophyte is dependent 
on the gametophyte through life. The suspensor is a new organ of the 
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Fk08. 188-993. — Embiyo (sporophyte) of Lyco- 
podium clavatum: 988, first diyiaion of egg into sus- 
pensor cell and embryonal cell; 989, 990, division of 
embryonal cell into four cells (990 being a cross sec- 
tion) ; •9Z-993* further stages in the development of 
the emb^ro.— After Bxuchicank. 




Fio. 994. — Young 
sporophyte ol Lycopo^ 
dium clavaium, show- 
ing foot, primary root, 
and stem bearing 
scale leaves. — After 
Bkxtchmamn. 



embryo sporophyte, found in certain pteridophytes, as the Lycopo- 
dialesy but very characteristic of seed plants 



Phylloglossum 

This is an Australasian genus of one species, closely allied to Lyco- 
podium and thought by some to be the most primitive pteridophyte. 
The sporophyte body is a tuberous stem bearing a cluster of small 
leaves. Some of the sporophytes also develop a short, naked stalk 
bearing a terminal stobilus (fig. 295). Some species of Lyco podium 
begin with this type of body, but the strobilus-bearing stalk becomes 
branching and leafy, and the tuberous embryonic body disappears. 
The adult body of Phylloglossum, therefore, is like the embryonic body 
of some species of Lycopodium, In other species of Lycopodium this 
kind of embryonic body is absent from the life history. The gameto- 
phyte resembles that of Lycopodium^ in which there is a subterranean 
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tuberous region and an aerial, green, more or less lobed region bearing 

the sex organs. 
Conclusions. — Since Lycopodium and its ally represent possibly the 

most primitive vascular plants, a summary of the important features 

will be useful. It would follow that the most primi- 
tive leafy sporophyte is a strobilus, in the sense 
that all its leaves are sporophylls. The first foliage 
leaves are small and scattered, and are sterilized 
sporophylls. The vascular system consists of a 
single, solid cylinder, whose xylem and phloem are 
concentrically arranged. The sporangia are large and 
solitary on the adaxial face of the sporophyll, and 
each one is developed from a transverse row of initial 
cells. The new structures of this sporophyte, as con- 
trasted with that of the bryophytes, are sporophylls, 
foliage leaves, vascular system, root, and suspensor. 
The gametophyte is a subterranean tuberous 
body with an aerial, green crown bearing the sex 
Fig. ags.—Phytto- organs. The antheridia develop endogenously, and 

bearing a^stolk^ ^^^ sperms are bryophytic in type. The archegonia 

strobUus. are also embedded, as in Anthocerotales. 

Selaginella 

General character. — This is the great genus of modem Lycopo- 
diales, comprising nearly 500 species, which belong chiefly to the 
tropics. It is evidently closely related to Lycopodium, and may be 
regarded as a modem representative of forms that lived during the 
coal measures, and that had developed heUrospory (see below). 

Sporophyte. — The sporophyte body resembles that of Lycopodium 
in habit (fig. 296), although it is usually much more delicate. It 
is characterized by two noteworthy features. One is the development 
of a ligide, a flaplike outgrowth from the adaxial surface of the leaf 
near its base. The ligule is an embryonic organ of the leaf, being 
very prominent and functional during the growth of the leaf blade. 
When the blade matures, the ligule becomes merely an inconspicuous 
and membranous flap. This curious structure is a feature of all the 
Lycopodiales (including fossil groups) except Lycopodium and Phyl- 
loglossumy and for this reason the former are often called Ligulatae, to 
distinguish them from the latter, which are Eligulatae. The other 
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noteworthy feature of the spoFopbyte body is the occurrence of 8 dngle 
chloFoplasl in the actively dividing celb (meristem). It will be re- 
membered that this same feature appears in 
the gametophyte body of Anikoceros (p. 106). 

The vascular cylinder of the stem is generally 
of the primitive type, being a protostele fp. 125) 
(fig. 397) ; but in some cases the cylinder is 
hollow (a sipkotufstde), containing pitb, a type 
of cylinder derived from the protostele. 

SpoTttnt^. — The sporangia, as in all Lyco- 
podiales, are solitary and adaxial with reference 
to the sporophyll, and derived from a transverse 
row of initial cells; but in SelagitKUa these 
initials occur on the stem just above the ori^n 
of the sporophyll (figs. ao8, 399). This means 

r r J ^ o y ! yy/ ^^^ ag6. — StlariiHMo: 

that sporangia are not always produced by ^^.Tophyte showing >>™biU 
sporophylls, and in such cases the name sporo- and the gradation from 
phyll is justified only by its relation to the '"^ **"" '* ^""^ 
sporangium. On the basis of their origin, 

sporangia often are distinguished as /oliar (on the sporophyll) and 
cauline (on the stem). 

Heterospory. — The notable feature of Sdagin^la, however, is that 
ail of the sporangia in a strobilus do not mature alike, resulting in hetero- 
spory. They all develop alike, and as described under Lycopodium 
(p. 135), as far as the 
mother cell stage (fig. 
300), after which a 
great difference ap- 
pears. In some of 
the sporan^a (usually 
the latter number) all 
or neariy all of the 
mother cells function, 
resulting in the pro- 
duction of numerous 
spores (fig. 301). In 
the other sporangia an 
extensive abortion of 
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exten^ve that usually only one mother cell functions, all the othen 
contributing to its nutrition (fig. 30a}. This results in a relativdy very 



FlOB. t98-3<x). — Sponngiuin d SttagiaeBa: t98,Bectloii thmiigli Ijp of •tmbtlu*, 
■honing Toung iporanglum (two ahaded celli) od Mem, uid below It k joung qraro- 
phftl; 3gg, further development of tporangium; the auperficiol cell of the ■poropbj'II 
containing a nucleiu is to giTc rise to the ligulc; 300, iporangium in the mother cell 
Btage. — lySand 399, alter Miss LvoM. . 

tai^ mother cell and a tetrad of four very large spores. In some 
cases, although a tetrad of spores is started, two or three of them may 
not develop further, resulting in a sporangium cont^ning only one or 
two spores. It is this 
COndidon of Higsimilnr 
spores that is called 
ketavspory, in con- 
trast with the condi- 
tion of similar spores 
(as in Lycopodium), 
which is called homo- 
spory. Sdagindta, 
thetefore, is Aefero- 
sporous,viu\e Lycopo- 
dium is homosponms. 
Figs. 301, 301. — Sporangia of Selagittdta; 301, micro* The terminology 
iporangium, showing all the mother cells forming telradij jppHed to the hetero- 
301, megaaporBngium, showing one functioning mother cell ,. . 

(shaded), the other mother cells acting a. nutriUvecelb.— sporous condition IS 
Aiuc Miss Lyon. ample. The small 
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^lores are mienapons, and the Uige ones are mtgaapores; the spo- 
no(pa producing microspores ore mtcrosporangioy and those producing 
megaspores are megasporaHgia ; the sporo- 
phylls related to microsporangia are microspo- 
ropb^ls, and those related to megasporangia 
are megasporoph^ls. 

This difFerendation of spores in ^ze (fig. 
303) b associated with a differenliadon in 
function, for upon germination the micro- 
spores produce male gametophytes, while the rjo.m—Sp<^USda- 
megaspores produce female gametophytes. ginMt: mstutc microspore 
The phenomenon of heterospory, therefore, ■i>dniegMpor«<ir«watiiian»e 
is associated with the sexual diSerendation of 

gametophytes. It is a phenomenon exhibited among pteridophytes 
only by certun groups, but it is universal among seed plants. In 
fact, the appearance of heterospory is the necessary antecedent to the 
formation of a seed. It follows, therefore, that the development of 
heterospory among pteridophytes made 
the great group of seed plants possible. 
In SdagintUa there is a remarkable 
approach to the seed condition in the 
fact that the megaspotes are not shed, 
but are retained within the megaspo- 
rangium, within which the female 
gametophyte b developed, the egg 
fertilized, and the young sporophyte 
(embryo) formed. Just how far this 
falls short of bdng the seed condition 
Ftos. 304-307— Mde gametophyte ^iU be Considered under seed plants. 
<iSdagmtlla: 304,maturemi(T(npore; Male gamett^yte. — The male ga- 
30s, fint diYtidon. ihowins uith.ridim metophyte produced by the microspore 

tnllut (Urge c«!l) and vegctalive ctll . ^ ■' '. , ■' '^ 

(>m.U lentlnOr crii ag»[n« the wall); ^ » y^T Simple Structure, never OUt- 
jotf, the uiiberidium (four tteiile growing the Spore, and therefore en- 

j«:ket cell! ihown surrounding the ^ased by the old spore wall. The tWO 

organized TegetatiTo ctll li also Bhowtt ^ells formed by the division of the 

<ln black); 307, male gBtnctoph^e at protoplast of the microspore are the 

Mroe of (ertiiiaiiion. the an.heridium antheridium initial and the vegetative 
(jadwt eelU have broken down) con- ,, ,- , _. . . , .. 

UiiUng &«e .perm, escapng from the <^ell (fig. JOS)- This smglc vegeUUve 

-AiterMiMLvoM. cell is the sole representative of the 
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vegetative tissue of more primitive gametophytes. The antheridium 
initial produces an antheridium with the usual jacket of sterile cells 
investing sperm mother cells (fig. 306). At maturity the jacket cells 
break down and the mother cells (with their sperms) are free in 
the general cavity of the microspore (fig. 307). The male gameto- 
phyte, therefore, is reduced to one vegetative cell and one anthe- 
ridium ; and encased by the old microspore wall it is carried to the 
megasporangium, in which the female gametophytes are developing. 
There the nude gametophyte bursts through the microspore coat (fig. 
307). The sperms are very small, with more or less spirally coiled 
bodies and two terminal cilia. Sdaginella thus shares with Lycopadium 
and PhyUoglossum the character of producing biciliate sperms, a type 
characteristic of bryophytes, and in strong contrast with the sperms 
produced by other pteridophytes. 

Female gametophyte. — The female gametophyte is much more ex- 
tensive than the male gametophyte, but the greater part of it is in- 
vested by the old megaspore wall (fig. 
308). The nucleus of the megaspore 
begins a series of divisions that continue 
until a large number of free nuclei are 
produced. This free nuclear division 
occurs chiefly in the apical (pointed) end 
of the megaspore, and results in a layer 
of nuclei, which later become invested by 
walls. Subsequent divisions result in a 
cushion of cells at the apex of the mega- 
. ^?'^^ V^T*^'^T'°^u^'' spore, while the large body of the mega- 

of Selagtnella: the apical cushioa . ^ ^ n • 

of cells having broken through the spore IS free from cells, acting as a great 

heavy megaspore wall; an arche- food rcservoir (fig. 308). The wall of 

- Aft^M^t^!** " ^^^ *^'' ^^^ megaspore cracks at the apex and 

the apical tissue protrudes, developing a 
more or less expanded mass of tissue in which archegonia develop 
(figs. 308, 309). Later, the deeper region of the megaspore becomes 
filled with a tissue of large cells, and continues to act as a food reservoir 
for the developing embryo. This early differentiation of the female 
gametophyte into two distinct regions, one that produces archegonia, 
and the other nutritive, is a marked feature of the female gametophyte 
in all heterosporous plants. 
Fertilizatioii. — The male gametophytes enclosed by the old micro- 
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spore walls aie brought to the mega- 
sporangia by the wind or by gravity. 
The microspoies drift among the 
megaspores with protruding female 
gametophytes bearing archegonia. 
Then the sperms are discharged, 
enter the archegonia, and fertiliza- 
tion occurs (fig. 310). In these 
female gametophytes, still in the 
sporangia, the embryo sporophytes 
develop and then emerge, a strobUus 




Fics. 309, jio. — Archegonium ol 
S€latiniBa: 309, the neck aad the axial 
row (neck cuial ctW, VEDtral cuiitl cell, 
and Fgg); 310, fertilization, the sperm In 
contaa with the egg. — Altei Miss 

often being beset with young 
sporelings. Later the strobilus 
as a whole, with its attached 
sporelings, drops off. 

Embryo. — The embryo 
(sporophyte) is developed 
much as in Lycopodium (figs. 
311-314). The suspensor (p. 
130) is more exten^ve than 
in Lycopodium, being of use 
in relating the embryo to the 
deep nutritive tissue within 
the megaspore. The em- 
bryonal celt at the end of the 
suspensor first produces three 
cells : a terminal cell that 
develops the stem, flanked by 

to form the auspenwr, the inner cell 10 fo™ the t^O Cells (onc On each side) 

embryo); 31a, early stage of the embtyo (at- that develop leaves. From 

Ucbed to ,u.pen»0. the apical cell of the .lem ^^^ ^^ (he leaf Segments the 
being evident; 313, later iiage of Ihe embryo, ... , , ,,- 

ahowing CIO the righi) the apical cell of the stem ^OOt IS developed later (fig. 

belween the apical cells of the first two leaves 313); and sliU later, ftom the 

and (10 the left) the developing foot; 3>4. an ^^^ segment the primary 
older embtyo, showing the loot (to (he nghi ■ rr- 

below), the root (lo ihc right above), the sus- r<»t ^nses (fig. 314). When 

pensor, the two leavea (lo the left) with iheir fully organized and emerging, 

Ugulea, the centrally pbced stem rip, and the jjje embryo resembles a seed- 



JI1-J14, after PnrrEm. 



its seed. The tuberous foot 
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is embedded in the nutritive region of 
the female gametophyte invested by 
the megaspore coat, and from it there 
extends in one direction, outside of the 
spoie coat, an elongating stem bearing 
at its tip a pair of young leaves, be- 
tween which is the stem apex ; and 
in the other direction the elongating 
I primary root (fig. 314). 

Isoetes 
General character. — The genus 
Isoetes (quillworts) comprises about 
sixty species. It is now usually in- 
cluded among the Lycopodiales, al- 
though in certain important features 
it diSeis from the other members of 
the group, 

^lorophyte. — In general appearance 
Isoetes suggests a tufted grass, growing 
on muddy flats or in the water (fig. 315). 
The stem is very short, unbranched, 
and covered by overiapping leaf bases. 
The vascular anatomy of the stem is 
somewhat confusing, and has been in- 
terpreted variously. The stem is so 
short and the leaves are so numerous 
that the vascular cylinder is little more 
than a vascular plate. It seems to be 
a protostele, however, in which the 
xylem elements have not completely 
filled up their region, and there is no 
recognizable phloem. Such a structure 
is evidently related to that found 
among the Lycopodiales, and there- 
fore in vascular anatomy Isoetes is to 
Fio. s'S-—!""'". ihoiring the ^ associated with that group. 

■hort unbranched Mem bearing di- , _, , . 

cbotomom rooM and a tuft of linear i^'ves. —The leaves are umque m 
[tvia. structure, being arranged in a close 
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sfnial, and every leaf is a sporophyll, either bearing a spoiangium or 
traces of one. In this sense the whole sporophyte body is a strobilus. 
Each leaf is distinctly differentiated into sporangium and foliage regions 
(fig. 317). The foliage portion of the leaf resembles a narrow grass 
blade, and contains four longitudinal series of air chambers. At the 
base of this blade, on the adaxial side, the Ugulo i^peais, socketed in a 
small pitlike depres^on. Below the 
ligule the sporangium region occurs, 
the ^Ktran^um developing ia a 
large deep chamber more or less 
shut off from the outside by a 
curtain of tissue (i>e(um). This 
sin^e large sporangium on the 
adazi^ surface of the sporophyll is 
a very important character relating 
Jsoetes to the other Lycopodiales. 

^onmgia. — The sporan^um te- 
sembles also that of the Lycopodiales 
in ariung from a transverse row of 
initial cells, in this case three or four 
in number. The method of develop- 
ment is as usual in eusporan^ates, 
be^noing with a peridinal dividon 

that differentiates the outer wall . „ , _* . ^ 

„ , , . Ftos. jifl, 317- — Spotmgta of /»««.- 

cells from the mner sporogenous ^.g^ crau icctioD ot lower regloa of leaf, 
cells. The wall becomes about thowlng a. micTDsporBnglum, witb tu 
toiip-Iayered, the inneimost layer i™W«l« ftirf. pl.i») «.J ™er<„. 
' ' tnJcraepoRi; 317, longitudiau wctlon of 

entering into the organization of iawa region of l«f, .howing . mcga- 
the tapetal jacket. A large mass q»onuigiuni, wClh iu trabecuJae and rela- 
of sporogenous tissue is developed, 'j'^' lew megaapora; also the ligule 
•^ ° "^ ' (abon) and the velum eUciKling orer the 

and up to 15,000-35,000 cells aU .porangial chamber, 
sporangia are alike. At this stage 

the differences that result in heterospory bepn to appear. In those 
Eporan^a that are to become microsporangia some of the sporoge- 
nous tissue forms plates of sterile cells (Irabecutae) extending across 
the sporangium, and all the olher cells function in spore formation, 
producing in a single sporangium 150,000-300,000 microspores (fig. 
316). In those sporangia ihat are to become megasporangia, the 
trabeculae are more massive, and most of the thousands of sporogenous 
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cells contribute to the nutrition of 40-75 mother cells that function. 
These mother cells become relatively very large and produce large 

spores, the total output of megaspores being 
150-300 (fig. 317). Both kinds of spores 
escape by the decay of the sporangium 
wall. 

Male gametophyte. — The male gametophyte 
is still more simple than that of SdagineUa (figs. 
318-320). It consists of a single vegetative 
cell and a single antheridium, as in SdagineUa; 
but the sperm mother cells are only four in 
number. This is the lowest number reached 
among pteridophytes, and the nearest approach 
Figs. 318-320. — Male jq ggg^ plants, among 
gametophyte of /joeter: 31 S, 1. 1 1 1 

stage showing the vegetative ^hich the sperm mother 
cell (at bottom and without ceUs are reduced to two. 
nucleus) and the antheridium ^he sperms are large, 

(with three wall cells visible . n .i j j 

and the central primarysper- Spirally COlied, and 

matogenous cell); 319, older multiciliate (fig. 320), 

stage, in which the waU cells g^^h as characterize all 

have broken down and the , • j i_ 

four mother cells (each con- ^ther ptendophytes ex- 

taining a sperm) are free cept Lycopodiales. It 

in the antheridial cavity; is this ieaiture oil SOOeS 
320, sperm. — After Bela- , , 

jgp,^ that perhaps presents 

the greatest obstacle to 
including it among Lycopodiales, 

Female gametophyte. — The female gameto- male gametophyte 
phyte develops in the same general way as does ^^^^^' 3*^ (*^'"' ^^^' 

fk ♦ f e 7 • 7; u * -fu '\ .' MEiSTER), complete ga- 

that of Sdagtndla, but with some mterestmg metophjie, bearing an 
differences. After the free nuclear divisions, archegonium whose neck 
followed by the formation of an apical tissue, a f^ exposed through a crack 

*^ in the megaspore wall 

layer of cells develops completely about the (not shown); 3aa (after 
cavity of the megaspore and then grows centripe- Campbbll), archegonium, 
tally until the megaspore is fiUed with tissue ^^^i'^g ^^« ^^^ />' °<^^>^ 

' ox- j^llj jyjjj jm axial row of 

(fig. 321). The growth of this tissue is precisely three cells (neck canal 

like the growth of the endosperm tissue (female cell, ventral canal cell, 
gametophyte) in gymnosperms (p. 196 ). The ^^ ^^^' 
gametophyte of Isoeies does not protrude through the broken megaspore 
wall and develop tissue outside, as in SdagineUa, but is exposed only 




Figs. 321, 32a. — Fc- 

of 
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along the triradiate crack through the megaspore wall, along wluch 
Unes the archegonia appear (fig. 322). The archegonium is notably 
broad and short, and the primary neck canal cell usually does not 
divide, resulting in a single uninucleate neck canat cell, which is as 
iar as the reduction of the axial row is carried among pteridophytes 
(fig. 3»). 

Embryo. — The embryo sporophyte differs from that of SdagtniUa 
and Lycopodium in several important particulars. In the fiiBt place, 
there is no suspensor, and this feature 
associates Isoetes with the other pterido- 
phytes. The fertilized egg, however, be- 
haves much as does the embryonal cell in 
Selagittdla and Lycopodium, except that 
the quadrant cells are assigned differently, 
two of them forming the foot (as in Lyco- 
podium), and the other two forming leaf 
and root, the stem being the belated 
member. However, it is characteristic of 
Lycopodiales to have some member of the 
body belated in appearance. In Lyco- 
podium the belated member is the root, in 
Selaginella the foot and root, in IsoeUs the 
stem. The embryo of IsoeUs has long ^ 
been recognized to have a remarkable re- '"^''^'i^ .'^,- '!'="^'°8 'l^ ""' 

,, ° , , . , , of Silagauila la Ihat Ihe outer 

semblance to the characteristic embryo of (upper) cell does not fonn a su*- 
monocotyledons among seed plants; and pensor, but enien imo ihe Mmc- 
for this reason it was once suggested that 'I" "' ^^'.'^^T' ^l*' ""^^°, 

'* showing toot (below), terminal 

perhaps Isoetes is a living representative cotyledoo (to the right), root (lo 
of the ancestors of monocotyledons. In *= lefO. ligule (above) tram deep 
Isoetes the axis of the embryo develops the °^f- "'d'i''.iiow notch (betwe™ 
. , , , , , , , "B^ls ">" "»0 ™ sleoi tip.— 
root at one end and a single leaf (cotyledon) Afta Caupbeli. 
at the other, the foot arising from the middle 

region and being embedded in the nutritive tissue within the megaspore. 
On the free side of the axis a notch appears, from the bottom of which 
the stem tip arises (fig. 324). The feature of the embryo of mono- 
cotyledons is that the single cotyledon is terminal and the stem tip is 
lateral, and this feature is exactly reproduced in the embryo of Isoetes. 
Summary. — A summary of the atpiments for and against retaining 
Isoetes among Lycopodiales is as follows: its characters in c 
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with Lyct^xxliales are (i) the vascular anatomy; (a) the soUtary sporan- 
g[um on the adaxial surface of the sporophyll; (3) the developmeut of 
the sporangiuin from a transverse row of 
initial cells; (4] the trabeculae, which also 
appear in certain fossil Lycopodiales; (5) the 
ligule, which is present in all Lycopodiales 
except Lycopodium and Phyltoglossum; and 
(6) the gametophytes, which resemble closely 
those of Sdagindla. The charactera not in 
common with Lycopodiales are (i) the large 
multiciliate sperms; (a) the absence of a 
suspensor ; (3) the general habit ; and 
(4) the highly specialized leaves. 



(3) PaiLOTALBS 
Thia group of pteridophytea comprises two ytrf 
small living genera : Ptilotum (fig. 330), with two 
species occurring in the tropics of both hemispheres; 
and TmesipitTit (fig. 335), with a. single Austraksian 
species (sometimes more ipecies aie recognized). 
These forms are intro- 
duced here, not to present 
their life histories, but to 
Illustrate very briefly cer- 
tain stages In the evolulton 
of pteridophytes. 

Throughout Lycopo* 
diales there appears a 
tendency to increase the 
output of spores produced p, 
FiM. 3a5~iii. — Tme,ip- by the sporophyte. The fcrti; 
iirit.- 315, general habit, show- first and simplest method at early stage, showing 
ing branching leafy stems was by branching, thus between the two apomg- 
ariiing from ■ lire trunk (epi- multiplying Slroblll. There enous masses a slerile 
phytic) and bearing (near lip) was also an increase in the V^bXk of cells wbich is 
the chariceristic sporangia; ^ ^f sporangia; and "> f"™ "» P"^""" 
3,fr-3,8, vanou, view, orihe ^j^.^ apparently for 'h"' dirid^ a sporanpum 

paired sporangia (synangia). '^'^ ' (single at the beginning) 

— After PiniEl. (Ehclzk and ""'"t"™ reasons, to the j^^^^ ^^ spoiaii^ — 
PttANTil. development of sterilized j^j,„ Bowxr. 

plates through the spo- 
rangium, as in certain ancient lycopods ; and in IsoeUs these plates almost divide 
the sporangium into chambers. 

In Ptiiotum and Tmea'pierU there ate two further stages of development In this 
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sporangium Into two 



dinctbm. In Tmetipimi a Merile plate dlvltk* the Iftrge 
chunbcrs to diitjnct that they ue called two sporangia 
(figs. 336-319). That this partition is sterilized spo- 
rogenoua tissue is proved by its development and by 
the (act that in exceptional cases it (unctions as spo- 
rogenous tissue. In PtiMtan the same condition occurs, 
except that the development o( two sterile plates results 
in three chambers, or a group of three sporangia (figs. 
330, 331). The other noteworthy feature of Psiletum 
and Tausipierii is the development of the subarcbe- 
■porial pad of Lycopodiales into a short stalk, whipb 
bears the two or three sporangia aud Is called the ifo- 
ranpcfhore. 

(3) SPHZHOPHTIXALBS 

This group contains the single large Carbonlferoua 
genus Sphtnofihylium, which illustrates the further de- 
velopment of the sporangiophore. In SphenopkyUum 
there ii a distinct strobilus, with whorls of linear spo- 
rophylls coalescent at base into spreading funnels. 
From the adaxial surface of these sporophylls sporatigto- 
phores arise, which vary from very short to very long, 
simple or branching, and bear one to several sporangia. 
In this genus, therefore, the sporangbpbore develop- 
ment is carried much farther than In PsiMvm and 
Tmesipterit, resulting in a multiplication of sporangia 
by meana of the sporangiopbon. 

(4) Equisbtalxs 

This great group is represented in our present 
flora by the single genus Equiselum, comprising 
ahout twenty-five species of horsetails or scouring 
rushes. This is only a remnant of a great group 
that flourished in the Paleozoic along with the 
ancient Lycopodiales. 

Sporophyte. — The sporophyte body consists _ 
of a subterranean, dorsiventral main axis, which lum: 330, general haUi, 
pves rise to erect (radial) aerial branches, them- showing the branching 




FKs.33f),iii.—Ptao' 



selum is characterized by its remarkably small the characirristic thiro 
leaves, which for the most part are insignificant '°'**^ . »po"ngium (or 
scales that occur in a whorl at each joint and ^^j!,^™',,'', t"^ ^ 

coalesce to form a close sheath. As a Conse- rangia in greater detaO. 
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quence of this abandonment of leaves as foUi^, pbotosyntbeis is 
entirely a function of the green tissue of the stem. Many of the 
older fonns were leafy, but all Equisetales are characterized by the 



Fics. 3JJ-338- — EquisaluM arvenie: 33a, fertile branches from the donfTCiitnl 
Bern, each bearing a tenninal awobilus, one of Ihem mature; 333, sterile branch; 
334, 335. two views a! a sporanglophore (so-called "sporopbyll"); 33fr-338i »P°"* 
•bowing ihe unwinding of the pcrinium. — After V/oaswia. 
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occurrence of the leaves in cycles (whoris) 

instead of in the scattered or spiral 

arrangement observed in the first two 

groups. In Spbenophyllales the same 

cyclic arrangement of leaves occurs, and i 

this disposition of the leaves is associated 

with very distinct different! alion of the 

stem into nodes and iniemodes. Such a 

differentiation means a localization of the 

power of producing lateral members, ^ _ 

which is not generally distributed, but is Mem of EqiiaUum; 

restricted to the nodes. It is from the «>«« conuiaing large air pu- 

nodes, therefore, that the leaves arise, f^" '""< beneath each furro.); 

, ,' , ., , , , , , *""" "Tgion (boundai by doited 

and from the awls of the leaves that the Une) is the slele, containing a ring 

branches arise. The aerial branches may (in »ection) o( vascular bundiea 

be aU alike, or they may be dimorphic, 'f" ."tT'^^ !^V^"''l''-*"^''^"f 
/ ' r > the pilb (which U breaking down), 

as m £. arvense, m which case special 

strobiluB-bearing branches mature in the spring, and later the green 
vegetative branches develop (figs. 333, 333). 
Stem structure. — The structure of the stem is remaricably specialized 




Fio. 3v>- — Segment of cross section of stem of BqtiudMm In detsfl, shoiriiig epl- 
dermis (with stomata), lotie of fibroui cells beneath the epidermis, the deeper zone of 
chloioph;]! tissue (penelrating the fibrous toot under the itomala), the large air 
patsage* of the cortex, the layer of cortical cells bounding the (tele (endodcrmis). the 
colUteral vascular bundles (each showing phloem, but with xylem replaced by aa air 
pasaage), and (he central pith. 
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(figs. 339, 340). The outer walls of Ihe epidermal cells are » Impreg- 
nated by a deposit of ^ca as to give the characteristic rough feding to 
the stem. The stem is fluted, and within the ridges strands of fibrous 
cells are developed; while in the furrows the chlorophyll tissue reaches 
the epidermis. It follows that the stomata (see p. 350) are in the furrows 
(usually along the slopes) rather than on the ridges. Deeper within 
the cortex a 2one of large air passages occurs, each one lying beneath a 
furrow. The central cylinder or stele is remarkably reduced, the vas- 
cular bundles being very feebly developed. They are ananged (usually 
one beneath each ridge) so as to outline a hoUow cylinder enclosing a 
pith, which disappears early; but instead of being concentric bundles, 
characteristic of most pteridophytes, they are coUaieral; that is, the 
zylem and phloem strands lie dde by side on tbe same radius, with 
the xylem towards the center of tbe stem. In fact, however, in Equi- 
setum the xylem is hardly at all developed, its position being occupied 
by a small air passage (Gg. 340). 

^■omngltun, — Tbe sporangia occur in a very distinct strobilus 
(fig. 332). The structure usually called a sporopbyll has a stalklike 
base and a peltate top, beneath which five to ten sporangia are borne 
(figs. 334, 33S)- 

To undenUnd this itTUCture h la necenar/ to be fkmillu with certain of the 
extinct Equiaetalei. A series can be amnged, beginning with Spkenephyllum, 
passing on to Cakmites (an extinct gioup of Equisetates), twd ending with Equite- 
tum, which indicates that in the strobilus of Equitelum the sporophylla hare been 
Buppressed and that the structures bearing spo- 
rangia are sporangiophores. In Calamites the 
strobilus is made up of alternating sets of sporo- 
phylls and sporangiophores, and the latter are 
Just such structures as appear in tbe strobilus of 
Equiieium, without the alternating sett of spo- 
rophylts. In Selaginetla there an sporophylla 
that do not bear sporangia; and in EquUttum 
there is apparently a strobilus that do«3 not 
consist of sporophylls. 
Fios. 341, J43. — Sporangium 
of E^iidum: 341. early stage, The sporangium arises from a sngte 
three cells haying arisen from (he su^fi^ial Cell, and not fiom a tTansveise 

superficial initial, the ioncnnoat '^ ' . 

[shaded) being sporogenous. the row as among Lycopodiales. There is 
two outer being wall cells; (he usual periclinal wall, lietting apart an 

342. further development of wall ^^ j^ , j . gporogenous 

layers and iporonenous lUsue. . ■ . /c ^ 

— Altec CosBH. cell, as m all eusporangiates (ng. 341). 
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Several layers of wall cells are formed, and the innermost wall cells 
by their dividon add to the sporc^nous dssue (fig. 343). The tapetum 
investing the sporogenou's tissue consists of two or three layers of cells. 
At least one third of the mother cells do not produce spores, contribut- 
ing to the nutrition of the remaining two thirds. 

Spores. — In the development of the spores a remarkable outermost 
wall layer is formed. In all ordinary spcres the wall develops two layers, 



the inner called intine, the outer exine ; but in Equisetum another layer 
is laid down on the exine, called the perinium, which cracks into two 
spirally wound bands that remain connected at one pole of the spore. 
In shedding, these bands unwind (figs. 336-338), become entangled with 
the bands of other spores, and thus the spores fall in clumps. This 
seems to be advantageous since the gametophyteb are mostly dioecious ; 
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at least it secures the development of male and female gametophytes 
in dose proximity. 

Gametcqihyte. — The gametophyte is a small, green, branching rib- 
bon, being strictly a thallus, without any of the subterranean develop- 
ment that characterizes Lycopodium. Although the gametophytes are 
usually dioecious, and the female gametophytes are larger and more 
massive than the male (figs. 343, 344), the spores are all approximately 
the same size. Certain of the ancient representatives of the Equise- 
tfdes, however, have been found to be heterosporous. 

Antberidium. — The antheridium is interesting in that it shows two 
kinds of development, dependent upon its position. If it occurs in the 
axial region of the thallus, it 
develops as usual among euspo- 
rangiates; that is, a superficial 
initial cell is divided by a peri- 
clinal wall, the outer cell pro- 
ducing the wall of the anther- 
idium, the inner cell producing 
the spermatogenous tissue (figs. 
345. 347. 348). If it develops 
in a terminal position on the 
thallus, the superficial initial 
cell forms first a papillate out- 
Fiai.34S-349--Anih<ridluniof£s«Brf«m.- 8"wth, wWch is cut off by a 
345, one type of development, showing the peri- 
clinal division, (be Inner cell bdng spcnUBtog- 
enous ; 346, the other type of development, 
showing the papillate protruding cell (pcri- 
dinal wall below), in which 
segmenls (the third behind} 
apical cell, the dome or cap cell, and 
closed sperm at ogcnoua cell; 347, 348, nearly 




periclinal wall, and it is this 
protruding cell that develops 
the antheridium (fig. 346). In 
two this cell an apical cell with 
off by the ti,ree cutting faces is formed, 
and then a domelike cap cell 






a of the first type; 349, 



s cut ( 



', leaving a central cell. 



sperm. — 34S-348, after GoEBKL; 349. after which produces the spermatcffle- 

BELAJEFF. ^ . J L , 

nous tissue, mvested by four 
peripheral cells, which develop the wall of the antheridium. This 
type of antheridium development is characteristic of certain modem 
ferns. The sperms are very lat^, spirally coiled, and multiciliate 
(fig- 349)- 

Arch^onitmi. — The archegonium always develops from the massive 
axial region and in the axil of a branch. It develops as among other 
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pteridophytes, but is noteworth]^ in the fact that its neck canal cells are 
reduced to two in number. 

Embryo. — The development of the embryo differs from that of the 
Lycopodiales in several particulars. There is no sus^iensor, and the 
fertilized egg divides into quad- 
rants, among wbicb all the body 
regions are distributed ; foot and 
root being developed by the inner 
quadrants, and stem and leaf by 
the outer ones (figs. 350, 351), A 
very heavy calyptra is formed, 
which is broken through by the 
vigorous young shoot. 351 

ConchiBiOTs. — The sporophyte Fwa. JS". JS'--En'bryoof£ji.«rti«».- 

■ J , 1 . 1 , . , 350, early tttge at embryo, the (our bodj 

IS to be regarded as highly special- ^„^ h.ring begun to develop; the 

izcd in its leaves, stem anatomy, gcnenl structure of the aichegomum ttill 

and strobilus; but its embryogeny '"^■1"': 3S'' '^°" »d™>«d embryo, 
, . , , ' o ' showing the apical ceil that a developiiia 
appears to be simpler than among ,i,e stem.— After sadmici. 
Lycopodiales. The gametophyte 

is entirely aerial; certain antheridia show a spedalized form of develop- 
ment ; and the archegonia are well advanced, as indicated by tbe 
reduction of the neck canal cells. 



(5) > 

General character. — This group of pteridophytes is associated often 
with Fillcales. The three genera usually recognized are Opkio^ossum 
(adder's tongue, fig. 35a), Bolrychium (moonwort, fig. 353), and Hel- 
mintkostackys (a New Zealand genus with a dngle species, fig. 354).' 
The distinguishing character of tbe group is the so-called fertile spike 
(a stalk bearing the sporangia), which arises from the adaxial face of 
the leaf. 

^loropl^. — The sporophyte consists of a subterranean stem covered 
by the leaf bases, and there are no aen'al branches. The leaves are 
relatively few in number and large, especially in Bolrychium, and de- 
velop very slowly, in some cases becoming aerial only after two or three 
years of subterranean development The vascular cylinder is remark- 
ably advanced in structure. It is not only a siphonostele (containing 
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pith), but is made up of collateral bundles (p. 146), separated from one 
another by piih rays (radiating plates of tissue extending from pith to 
cortex). This is the general structure of the vascular cylinder of the 
majority of seed plants, and this resemblance is further emphasized 





Fto. 359. — Geaeral habit otOjiU»- 
ghitum. — After Sachs. 



^^- 353- — General hatul of Bttrycktum. 



by the presence of a cati^num c^indcr (a meristematic tissue between 
the xylem and phloem that adds new elements to both). This means 
increase in diameter by the formation of secondary wood (xylem), and 
among the elements of this secondary wood there appear trackeids with 
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bordered pits, elements characteristic of gynuiospenns (fig. 547), but 
not of pteridophytes. 

Fertile tjikt. — In Ophio^ssum the fertile spike begins to appear 
very eariy in the history of the leaf. As it begins to project from the 
il face of the young leaf, a superficial band of cells becomes diSer- 



^^- 354' — General habit ol HtlmMlujtachys. — After Hoount. 

entiated on each dde, from near the apex downwards. As the spike 
elongates, these two bands elongate and deepen, eventually giving rise 
to two continuous bands of sporogenous tissue (figs. 355, 356, 359). 
Later, sterile plates appear across the band, and the individual sporangia 
become outlined, the single large sporogenous mass being broken up into 
a great number of sporangia by sterilization (figs, 357, 358). 

The situation haa auggcsled the idea that the fertile spike at Ophloglossales is 
a ipotaogiopbore extremely developed. If this intciptetation is true, ipotangio- 
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pboTc dcTclopiiient can be traced from the aubarchaporial pad of Ljcopodlalea 
to the fertile spike of Ophioglossales, whose leaf would thus become a iporophyll. 
This conception of the limple spike of OpkiogUaium, with its sessile sporangia, 
is difficult to apply to HelminlhojItKkyt with its stalked sporangia, and to Bolry- 
ckium with its more or less branching spike. Recent anatomical studies, however, 
suggest that this " fertile ipike " majr hava uiwD by the fusion of lateral branchea 



Fios. 3SS~j58. — Sporangia of Opkioglotium; 355, the band of ig 
devel<qiing on one side of the fertile spike; 356, cross Kction of the sporogenoiu band; 
3S7, 35S> difFercDt stages [a steiUixalion, breaking up the band iota separate sporogeooui 
""■"*«, each of which develops a iporangium. — After BowEE. 

on opposite ^des of the main axis. If this b the case, the relationship with the 
Maraltiaceae and other ferns isclear. It is interesting to note that the spike branches 
as the leaf branches, being simple in the simple-leaved species of Ophieglossitm 
and branching in the compound-leaved species of Batrychium. 

^ontogjiiTn. — The development of the mdividual sporangium is of 
ttie usual eusporangiate type, but tbe remarkable behavior of the tape- 
turn deserves special mention. The walls of the tapetal cells break 
down, and tbe protoplasts thus liberated unite to fonn a nutritive plas- 
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modium that grows among the blocks of sporogeiious cells and ramifies 
into every intercellular space (fig. 360). 

Gametophyt*. — The gametophyte is of the Lycopodium type. In 
Ophioglossum, which is regarded as the most primitive genus, the g 
tophyte is a tuberous, subterranean body that gives 
rise to aerial green lobes that bear the sex organs. 
In Bi4Tychium there is no aerial portion, the game- 
tophyte being completely subterranean and tuberous 
(fig. 361). In Hdminikoslachyi the gametophyte is 
somenhat intermediate in structure, the tuberous body 
giving rise to a cylindrical aerial process that beais' 
the sex organs. In every case the tuberous body 1 
contains an endophytic fungus, as in the gametophyte ' 

of Lycopodium. It is evident that the gametophyte ^ 

of the Ophioglossales suggests that of the Lyco- the 

podiales; but that the "oui buds at 
spcrophy,. i, »o« Ule ZTI:T- 
that of Filicales. 

Sex organs. — The antheridia develop 
as usual among the eusporangiates, the 
inner ceU, following the periclinal division 
of the superficial initial, giving rise to the 
spennatogenous dssue. The sperms are 
large, coiled, and muldciliate, a type not 
found among the Lycopodiales, but char- 
acteristic of the Filicales. 

The archegonium of Ophioglossum has 
a very short neck, the neck canal cells 
being only two in number, the same 
reduced number as in Equisetum. In 
Bolrychium (figs. 362-365) the neck of the 
„ . „ , , , archegonium is long, but contains only 

Fig. 360. — Portion of a nearly o 01 j 

mature sporangium of Ophio- i^MI neck canal cells. 
(biiKM, ahowing (he [iipctal Embryo, — In general there is no sus- 
plasmodium (wi.h nucid) among ^^ but in the recenUy described genus 

the groups of mother cells. — r ■ j a 

Jdttr Bown. Sceplridium a massive suspensor is re- 

ported, at least for one species (formerly 
Botryckium obliquum). There is no differentiation of the great body 
r^iomi at the quadrant stage, but in Bolrychium, for example, there is 
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formed first a rather large, undifferentiated mast of tissue (fig. 365) 

in which at least three growing points (foot, root, and Mem) become 

organized, the leaf appearing 

later. In this embryogeny of 

Botrychium there is a general 

resembUnce to the Lycopodiales 

in the belated organization of 

some body region; and a still 

further resemblance to those 

, species of Lycofodium in which 

the embryo begins with the 

Fio. 361.— Guneiophfie of BeUjckium: development of a protocorm 

uilhcridla la dorul ridge: archegonia "long ihe („ „,\ The same belated ap- 

stopn; region of (ndophytic fungus In ventral , , , 

rqp<.n.-Aiw JwrmBY. pearance of one or more body 

regions has been observed also 

in spedes of Ofiitoglossunt. In the whole group there seems to be no 

such early and complete differentiation of the body i^ons as in 

Equisetales and Filicales. 




Flos. 363-365' — Arcbegoniuin uid embryo of BotrychiioH Lunarta: 361, tertlUied 
cgg.ln venter of MChegonlumi 3^3, fint division of egg; 364, quadrant Mage; 3d5,Iattr 
Rage of embryo, ihe body legiou not yel difierenlialed. — After Brccbuanx. 

ConcIusioDB. — The Ophioglossales have certain features in common 
with the Lycopodiales, notably the structure of the gametophyte, the 
adaidal relation of sporangia to sporophylls, and the irregular and some- 
what indefinite development of the embryo in its early stages. The 
"fertile spike," however, may have arisen from lateral branches, which 
would eliminate this feature of the resemblance to Lycopodiales. The 
same kind of irregular and indefinite development of the embryo proba- 
bly also occurs among the Marattiaceae, so that this feature finds its 
resemblance among both Filicales and Lycopodiales. In the reduced 
number of foliage leaves and thdr corresponding increase in size, and 
in the sperms, the resemblance is deddedly with the Filicales. In ▼«»■ 
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cular structure, the Ophioglossales are more advanced than the majority 
of pteridophytes. On the whole, the association is evidently with the 
Filicales of the MaraUia type. 

(6) FlUCALSS 

General character. — The ferns constitute by far the largest group of 
pteridophytes, including at least 3000 living species, and perhaps many 
more. The group as a whole is very ancient, but most of the living 
families are very modem. Two groups of Filicales are recognized: 
FUicineae (true ferns) , which are homosporous; and Hydropteridineae 
(water ferns), which are heterosporous. 

(a) Filicineae 

General character. — Neariy all of the living ferns are true ferns. 
They are well represented throughout the temperate regions, but are 
especially abundant in the tropics. The sporophyte displays a great 
variety of habits — ordinary terrestrial forms, epiphytes (perchers), 
climbers, aquatics, and trees. Ferns are characterized generally by 
their comparatively few, large, and usually branched leaves, which bear 
numerous sporangia, usually upon the ahaxial surface. The multipli- 
cation of sporangia is thus facilitated, not by sporangiophore develop- 
ment, but by distribution over a large leaf surface. 

Families. — In so large a group it is necessary to have in mind the 
principal families. Disregarding the smaller families that have been 
proposed, the following seven may be considered, conveniently but not 
completely distinguished from one another by the character of the 
anntdus. The annulus is a group or band of thick-walled cells developed 
in the wall of the sporangium and related to its dehiscence. 

1. MaraUiaceae (ringless ferns). — Annulus wanting. About 25 
tropical species in 5 genera. 

2. Osmundaceae (royal ferns). — Annulus rudimentary (fig. 366). 
About 15 temperate and tropical species in 3 genera. 

3. deicheniaceae, — Annulus equatorial and indusium (see p. 165) 
wanting (figs. 367, 368). About 25 tropical species in 2 genera. 

4. HymenophyUcLceae (filmy ferns). — Annulus equatorial and in- 
dusium present (figs. 369, 370, 371). About 155 species, chiefly tropical, 
in 2 genera. 

5. Schizaeaceae. — Annulus apical (figs. 372, 373, 374). About 95 
species, chiefly tropical, in 4 genera. 
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6. Cyatheaceae (tree ferns). — Annutus vertical and complete (%s. 
375, 376). About aSo tropical species in 7 genera, 

7. Patypodiaceae. — Annulus vertical and incomplete (figs. 384, 385, 
390). About 3000 species in 109 genera, including most of the ferns of 
ordinary observation in temperate regions. 

It must not be supposed that the characters given above are the 
only ones used in separating the families. There are much more funda- 




F108. 366-371. — T;pts of annulus: jM, gporsn^un 
thkk-valled cells leprcaenting the acnulua, and a ven 
Ldehssen); 367. sori of Cltichenia. showing relalion to vein system and absence of 
indusium (after DiELS); 36S. sporangium of GliUhtnia, tiiiV equatorial annuliu (after 
DiEL^); 369, muginal sonu of H ymrnaphyUum, ihowing the stalklike rcceplacle bear- 
ing iporaDftia with an equatorial annulus, and the inveslioE indusium (after KaSSTEH)i 
370. 371, sporangia of Trkhomanti, with equatarial annulus (after Sadebeci). 

mental ones that will appear as the groups are considered. The se- 
quence of the families as given represents the general relationship, 
the Maratiiaceae being recognized as the most primitive in struc- 
ture, while the Polypodiaceae are the most specialized and the most 
recent, 

Sporophyte. — The sporophyte is characterized by a subterranean 
stem, except in the tree ferns, climbers, and epiph)rtes. In Marattiaceae 
this stem is short, tuberous, and radial, and covered by the persistent leaf 
bases (fig. 377)- In the other families il is dorsiventral and more or less 
elongated (fig, 382), a habit apparently acquired by modem ferns, and 
derived from the older radial type. 
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VasaJar system. — At least four kinds of vascular cylinder are rep- 
resented in the stems of this great group, and there is much discus^on 
as to their historical sequence. They are as follows: (i) the pnlostde 
(see p. 135), recognized as being the most primitive type (as in G/ckA^kmi, 
fig. 378); (2) the amphiphioic siphoncsUle, in which the phloem occurs 
on both sides of the xylem in the pith-containing cylinder (as in Advm- 
tum, fig. 379); (3) the polystde, in which several concentric bundles 
traverse the slele without organization into a definite cylinder (as in 
Pleris, fig. 380) ; and (4) the eclo- 
pkhk siphonoslele, in which the 
phloem occurs only on the outer 
side of the .xylera in the pilh- 
containing cylinder (as in Os- 
tnunda, fig. 381), which is thus 
composed of collateral bundles 
(p. 146). This iast type of cylinder 
is regarded as the most advanced, 
since it is the characteristic cylinder 
of the majority of seed plants. 

An important variation in the 

character of the xylem must be 

noted. The first xylem elements 

. , , , Fios. 373-376. — TypfS of annulus: 

to appear are spiral vessels of ^^^ ,p„„„gi„„ „r tyiodium wi.h apical 

small caliber. This initial group annulus (after PraNTL); 373, sporangia ol 

of vessels is called the protoxylem, lyg^idium in position; some Indusia shown 

J . ... . . , , (after Sadebeck); 374,spotaDgiBof ^Mi'mM, 

and Its position wilh reference to ^^^^^ ^^.^^^ innul^and L venial de- 

the subsequent xylem {melaxytem) hiscence (afier Sadebeck); 375. 376, two 

is important to note. In a stele "t*" "' sporangium of HtmMia, showing 

„ 1,1 .the comptele vertical anaulus and Ihe irans- 

usuallyseveral protoxylem regions ^^ dehiscence (after Kxrsiem). 
appear, and if all the melaxylem 

develops centripetally (towards the center of the stele), the xylem is 
exarch, which means that the protoxylem regions are external to ihe 
metaxylem. Exarch bundles are regarded as the most primitive, and 
are characteristic of all roots, of the protostele of Lycopodium, etc. If 
the metaxylem develops in all directions from the protoxylem, the xylem 
is nusarck (figs. 380, 381), which means that the protoxylem is sur- 
rounded by metaxylem. Mesarch bundles are very characteristic of 
ferns, and all of the four kinds of bundles described above as occurring 
among ferns are prevailingly mesarch. If all the metaxylem develops 
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centrifugally (away from the cmter of the stele), the x}4em is ettdarch, 
which means that the protoxylem is internal with reference to the 
metaxylem. Endarch bundles are characteristic of seed plants, and 
are attained by some pteridophytes, as in Equisetales and Opbio^os- 
sales. A fem whose vascular cylinder is composed of collateral bundles 
resembles seed plants in this feature; but in such a case the bundle of 



the fem is mesarch collateral, while that of the seed plant is endarch 
collateral. It must be remembered that to all such general statements 
in reference to great groups there are exceptions, and that the state- 
ment refers only to the prevailing condition in a group. Metaxylem 
must not be confused with the secondary x^em, which is formed by 
the cambium. 

Another feature of the vascular cylinder of ferns is noteworthy. Where 
the leaf traces leave the cylinder to pass through the cortex, a gap im- 
mediately above the trace is left in the cylinder, which closes again fur- 
ther up. These leaf gaps are characteristic of the vascular cylinder (d 
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Filicales and Ophloglossales, and they seem to be associated with the 
production of large leaves. On the basis of this character, these groups 
are said to be phyliosipumk, as contrasted with the other groups of 
pteridopbytes, which are dadosipkonic, meaning that they have branch 



FRi. 378. — The protoMcle of Cleicktnia .' the zylem vessels, recofcnlzed by Adt 
large caliber «nd thick wells, occupy the eniire central region of the slele; investlog 
tfaem ii & lone of sieve vessels (phloem), which in turn are surrounded by the COrleX. 

gaps, but no leaf gaps. This distinction has been found to be a very 
important one in connection with the study of the origin of seed 
plants. 

Leaves. — The leaves of ferns are the only aerial structures in ordi- 
nary terrestrial forms. They were formeriy called fronds, with the idea 
that they were not ordinary leaves, but a combination of leaf and stem. 
They are usually branched, either pinnately or palmately, and are char- 
acterized by dichotomom (forking) venation (figs. 383, 386) and circinate 
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vernation (fig. 383), which means that the young leaf is enrcdled from 
the tip downwards, and in expandit^ unrolls from the base upwards. 
The internal structure of the leaf is practically the same as that of the 
leaves of seed plants, with epidermis containing stomata, mespphyll 
(both palisade and spongy), and abundant veins (see p. 250). 



I^- 379- — T^' amphiphtoic sipbonoslele of AJtanliim: beginning at the putlide 
the general resions of the section are epidennis, ■ thick cortci, endodermii (the epi- 
dennis-liVe innermost la^er of the cortex which bounds (he stele), the outer phloem, Ihe 
zylem, the inner phloem, the inner endodemiis, and the pitb. 

Sporan^. — It will be impossible to describe all the methods of 
sporangium development, but (he sporangia of Marattiaceae and Poly- 
podiaceae will be described, with the understanding that the intermediate 
families show intergrading conditions. 

Maralliaceae. — The Marattiaceae are eusporangiate, as are all the 
pteridophytes previously considered, and also the seed plants. Fol- 
lowing the periclinal division of the superficial initial cell, the outer cell 
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develops a wall of several layers of cells, the ionennost layer or two 
functioning as the tapetum; while the inner cdl develops a large mass 
of sporogenous tissue. The number of mother cells in the different 
genera of Marattiaceae ranges from 138 to 3048, which means a tbecoeti- 
cal output of 2048-8193 spores. Most of the Marattiaceae are fur- 
ther distinguished by the fact that the sporangia form what is called a 



Fto. 380. — Thepolystcte of Pttrii: in Ihe itl-dcfiocd stele there occur severat (in 
Ihb cue thittnn) vssculu- bundles of varying size and [oVm, esch one of which ii con- 
centric (xjlem surrounded by phlDciu) and invested by a distinct endodermis: in some 
of them the roesarrh character is evident, the ([roup of protoiriem elements (of small 
caliber) being more or lesi cenliall; placed (at least surrounded b^ mFlaiylem); the 
heaTj-^alted tissue represented \>j the three irregulu' masses associated with the vas- 
cular bundles is mechanical tissue. 

synangium (fig. 386). These synangia appear like small groups of 
coalescent sporangia distributed over the surface of the leaf, as are the 
son (see p. 1 65) in other ferns. In fact, in some of the Marattiaceae the 
sporangia are not in synangia, but form son of distinct sporangia. It 
is evident that synangia and sori are equivalents ; and it is probable 
that synangia are not coalescent sporangia, but rather sporangia that 
have not become completely separated from one another. 
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Polypodiaceae. — The Polypodiaceae are hptosporangfaU, a peculiar 
feature belangiDg to all the Filicales except the Marattiaceae. It means 
that the sporogenous tissue is developed from the outer cell that follows 
the periclinal division of the superficial initial, instead of from the inner 



Fro. 381. — The ectophlolc )dphoi]<utele of OmiiKdli : the cenlral pith li ■oiroimded 
directly b; the xylem (intErnal phloem havinR duappearMl), which occurs in distinct 
strands (separated from one nnother by the pith rays), Ihc mewrch character of which 
is often very evident; investiuB the lylem is b thin iheath of phloem; the buodlea 
shown in the cortex are sections of leaf traces. 

cell, as in eusponingiates. The outer ceil develops as a papiUate-pro- 
jecting cell (fig. 387), in which three oblique walls appear so as to fonn 
an apical cell with ihre^ cutting faces. This apical cell cuts off s^- 
ments to fonn the elongated stalk. ^Vhen segment formation ceases, 
a transverse wall through the apical cell cuts off a cap cell, and leaves 
a four-sided inner cell completely invested by the three uppermost seg- 
ments and the cap cell. This centrally placed cell is the primary spo- 
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Figs. jSa-jSj. — Aipidium: 3B1, grneril habit, ahowlni; leaves and drcinnte vema- 
tim, doravcDtral (Bubterraneui) stem, and secondary roots; jS^, a single pinnule, 
thowing dichotomoua veins and sori with shieldlike indiuia; 3S4, lectiaa through a 
■onia, showing the indusium and long-stalked sporangia; 3R5. a single spornngiura, 
(hawing the incomplele vertical annuliis and the transvcrac dthiscence. — Aflei 
WoeaiDio. 
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rogenous cell (fig. 388). The three uppermost segments and the cap 
develop the wall of the capsule, which is only one layer of cells thick. 
At the junction of the cap cell with the last segment is developed tfae 
stomium, which is a group of cells so arranged as to pennit a cleavage in 
the wall of the capsule when it begins to dehisce. The annulus is a 



band of thiclc-walled cells which extends from the stontiuni over the 
top of the capsule and down on the other side to the stalk (figs. 385, 
390)- 

The primary sporogenous cell cuts off a sterile cell from each one of 
the four faces, these four cells developing the tapetum (figs. 388, 3S9). 

The centrally 
placed sporoge- 
nous cell then be- 
gins a series of 
divisions until 16 
mother cells are 
formed, which 
f^os. 3S7-389. — Sporangtum of one of the F<Jypo4iactae : meansamaximum 
387, early atase. in which Ihe ouirr papi Hale cell has begun to output of 64 
fotm the apical cell; 3S8 later stage, in wliich the cap cell and . 

upper segoieQIs invest a central cell (primary sperm at ogenous). SporeS, Sometimes 
whiehhascut off one tapcUl cell; 38g. later stage, in which all there are only 8, 
the tapelal cells have been cut off and have begun to divide; the ^^ ^^ ^^^^ ^ 

central cell, by a series o( diviaioos, lorms t6 mother cells. 

mother ceils. The 

tapetal cells break down, leaving the mother ceUs free in the enlarged 
cavity (fig. 390). 

These two kinds of sporangia, one from each extremity of the fern 
series, indicate not only a passage from the eusporan^ate to the lepto- 
sporangiate habit, but also a striking reduction in the output of spores 
per sporangium. In this latter feature there is complete intergrading 
through the intermediate families. 
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In passing from Marattiaceae to Polypodiaceae, it is interesdng to note 
the changes in the character of the sporangium stalk, fie^nning with 
sessile sporangia, there is a transition to very short stalks, and finally 
the very long slender ones that characterize the Polypodiaceae are 
reached. This change in the character of the stalk accompanies the 
reduction in the output of spores, so that perhaps 
among leptosporangiate ferns the development of 
an elongated sporangium stalk is of more impor- 
tance than a large output of spores from a single 
sporangium. 

Soma. — The sorus is a feature of most Filicales, 
being a definitely limited group of sporangia (figs. 
383, 384). Sori vary in form and in arrangement, 
and are useful as taxonomic characters. Sporangia 
do not always form sori; in some cases they are Fio. 390. — Maiure 
scattered over the surface of the leaf, in other cases T^''^^^ . !■ "'^ 

' of the Polypodtaceat, 

they form in a continuous band along the margin, showinii the inrom- 

Tniliiiriiitn, — The tn<j»»um is a flaplike OUtgrOWth P''" vertical annulus 

from the surface of the leaf which protects the de- ^(jj^j^^ 
veloping sorus (figs. 369, 373, 383). It is exceed- 
ingly variable in form; in some cases forming a pouch, in others an 
overarching shield (fig. 383), in others a cup, etc. It is sometimes 
lacking entirely, and in certain cases it is replaced by the inroUed 
leaf margin, which is then spoken of as a " false indusium." These 
variations in the indusium are so constant for different groups as to be 
very useful as taxonomic characters. 

Gametophyte. ^The gapietophyte of the Filicineae, better known 
as the prolhaUium, is a small green thallus, with rhizoids, and resembles 
the gametophyte of very simple liverworts (fig. 391). The most primi- 
tive ferns (Mamttiaceae) have the largest and most massive gameto- 
phytes. In general, the development of the gametophyte passes through 
the stages indicated for liverworts (p. 98). In germination there pro- 
trudes from the spore a papillate outgrowth which is cut off by a wall 
as a cell and develops into the filamentous stage, the length of the fila- 
ment being related to available light. Following this stage is that of the 
apical ceil with two cutting faces, by means of which the gametophyte 
b broadened. Then follows the group of initials, by means of which the 
gametophyte is matured, in the course of which the usual apical notch 
is devel(^>ed. The axial region of the gametophyte is much thicker than 
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the wings, ^ving a midrib appearance, tn general the gametophjrtes 
are monoecious. 

Antheridinm. — Tlie antheridia appear very early in the history of the 
gametophyte (fig. 391), being abundant even in the filamentous stage. 
In the mature gametophyte tbey occur on the ventral surface in the older 
part, among the rhizoids (fig. 391). No single type of development can 



Fid. 391. — Ounetophjte of Aipidiiim,\ooiiDg at the Teatial luifioe, wfakb beu* 
the Ki organs and rhizoidi; juat behind ihe notch Ii ft group ol archegoni*, and at the 
base oi the Ihallus theie are Dumeroiu aDlheridla. 

be given for all the antheridia of Filidneae, for they are as variable in 
this regard as are the sporangia. The two extremes (Marattiaceae and 
Polypodiaceae) will be given, with the understanding that the inter- 
mediate families show intergrades. 

Maratlujceae. — In the Marattiaceae there is the type of antheridium 
development usual among eusporangiaies. The outer cell following the 
periclinal division of the superficial iutiai produces a wall con^ting of 
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a single layer of cells; while the inner cell develops 100-200 or more 
sperm mother cells. 

Pdypodiaceae. — In the Polypodiaceae the antheridium is derived 
from the outer cell following the periclinal division, as in the case of the 
leptosporangiate sporangium. In this cell there 
appears first the funnel wall^ which cuts off the 
basal ring cell; then the donie wall appears, 
intersecting the funnel wall and outlining the 
central cell; and finally the cap or caver cell is 
cut out of the dome cell, completing the ring 
cell (fig. 392). These divisions result in three 
peripheral cells investing a central one, the 
former producing the wall of the antheridium, 
the latter the sperm mother cells, usually thirty- 
two in number (sometimes sixty-four). There is 
thus a decrease in the output of sperms in passing 
from Marattiaceae to Polypodiaceae, just as in 
the case of the spores, but it is much less ex- 
tensive. The sperm is large and spirally coiled, 
consisting of a large body (chiefly nucleus) and 
a conspicuous cytoplasmic beak, from which 
forty to fifty long retrorse cilia arise. 

Archegonium. — The archegonia appear late 
in the history of the gametophyte, being de- 
veloped on the ventral side in the region of the ^^ imt'of'^ern^S"^' 

apical notch (fig. 391). Their development is antheridia; in the upper- 

very uniform, and follows the usual course ^^ antheridium on the 
among pteridophytes. By a periclinal wall the S^^^aikl^L^ap^^^ 
superficial initial is divided into the primary in the three other com- 
neck cell and the inner cell ; and by another P*«^« antheridia the cover 
transverse division the latter becomes the central SinXTh^^Sp^r^^ 
cell and the basal cell (fig. 393, a). This row of cells; the central cell has 
three cells — primary neck cell, central cell, and developed sperm mother 
basal cell — is perhaps the most commonly ob- 
served stage in the development. The primary neck cell produces a 
neck of three or four tiers (fig. 393, b-d)y with four cells in each tier. 
The central cell produces the axial row, the first division resulting in 
the primary neck canal cell and the primary ventral cell. Among the 
Marattiaceae the primary neck canal cell produces two neck canal cells; 
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but among the Polypodiaceae usually only the nucleus divides, resulting 
in a ^ngle binucleate neck canal cell. The primary ventral cell divides, 
as usual, into the ventral canal cell and the egg (fig. 393, c). In passing 
from Marattiaceae to Polypodiaceae, one passes from broad canal cells 
to small ones, and from two distinct neck canal cells to the elimination of 
the wall (binucleate condition). There is thus a gradual disappearance 



I'M- 393- — ArdKgonluni of aEeni: a, young stage, ihowiog two neck celli, central 
cell (shaded), and basal cell, all from single initial; b, older stage, showing further 
develf^Dienl of neck and enlargement of central cell preparatory to forming the axial 
row ; c, neck further developed and ixial row complete (binucleate neck canal nil, 
ventral canal cell, and egg); d, mature archegonium, with neck complete, net^ canal 
cell diaorganized, ventral canal cell breaking down, and egg rounded off. 

of the neck canal cells, a process which is completed when seed plants 
are reached. 

FertJIizatioii. — In fertilization the sperm enters the neck of the 
archegonium, ciliated end iirst; and then the ciliated beak ceases 
to function. As the sperm enters the cytoplasm of the egg, the cyto- 
plasmic sheath of the sperm, including the beak, is often left behind, 
and the male nucleus moves alone through the egg cytoplasm to the fe- 
male nucleus; but in some cases the whole sperm has been observed 
within the egg nucleus. 

Embryo. — In the development of the embryo, the four great body 
regions are said to be differentiated at the quadrant stage ; but in passing 
from Marattiaceae to Polypodiaceae the quadrants are directed dif- 
ferendy. Among Marattiaceae the first division of the egg is transverse 
to the long axis of the archegonium (fig. 394), by far the most common 
plane. The current account is that this first diinsion differentiates the 
shoot (stem and leaf) from the foot and root, the former being repre- 
sented by the inner cell, the latter by the outer; and that at the quadrant 
stage the two outer (ventrally directed) quadrants develop the foot and 
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Figs. 394, 395. — Diagram of quad- 



toot, wh3e the two inner (dorsally directed) quadrants develop the stem 
and leaf, which pierce through the tissue of the overlying thallus (fig. 
394). Recent investigations, however, indicate that both the outer 
(ventral) quadrants may develop the foot, the two inner (dorsal) quad- 
rants forming a tissue that gives rise 
to leaf, stem, and root This method 
of development suggests that of the 
embryo of Ophioglossales, ^ith which 
group the Marattiaceae seem to be 
closely allied. 

Among Polypodiaceae the first divi- 
sion of the egg is parallel with the 
long axis of the archegonium (fig. 
395), the shoot cell being directed 
towards the apex (notch) of the pro- 
thallium. At the quadrant stage (fig. 

395) the two apically directed quad- ""itstae^ of embryo: 394, Marama. in 
"^^^^ . . ^ ^ ji //I which the firat wall b transverse to the 

rants give rise to stem and leaf (the lo^g axis of the archegonium, the 

latter being ventral) ; while the two shaded quadrants giving rise to stem 

basally directed quadrants give rise and leaf ; 39s. a polypod. in which the 

. J *, ii_- ""^ ^^ ^ parallel with the long ass 

to foot and root (the latter being ^f the archegonium, the shaded quad. 

ventral). The stem and leaf, directed rants (directed towards the notch) giv- 

towards the- notch, grow under the ing rise to stem (upper quadrant) and 
, ... <■ t 1 ^ 1<^ (lower quadrant); in both cases 

prothalhum and the leaf turns up the notch is to the right 

through the notch. In such a case, 

the foot is the most temporary organ, functioning only so long as the 

gametophyte endures, while the primary root does not exist for a long 

time. The relatively permanent structures of the sporophyte are the 

stem, giving rise to secondary roots, and the leaves. 

Apogamy and apospory. — The phenomenon of apogamy is so preva- 
lent among Filicineae that it deserves special mention. Apogamy is 
the production of a sporophyte by a gametophyte without the act of 
fertili2ation. Such a sporophyte may arise either from the unfertilized 
egg, in which case the apogamy is called parthenogenesis; or it may arise 
from the vegetative tissue of the prothallium, in which case it is called 
vegetative apogamy. It is found to be very common among ferns, and 
can be induced with litde difficulty. 

The companion phenomenon is apospory^ in which a gametophyte 
is produced by a sporophyte without the formation of a spore. These 
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aposporoiis gametophytes in ferns arise usually from checked sponmgia, 
but sometimes directly from the leaf marjgin (usually a tooth), and occa- 
sionally from other regions of the leaf. 

An interesting question connected with apogamy and apospory is the effect on 
the number of chromosomes. A sporophyte has the double (diploid) number 
i2x) oi chromosomes because it has come from a fertilized egg. Therefore, does 
an apogamous sporophyte have the reduced (haploid) number (jt)? A gameto- 
phyte has the reduced number (x) because it has come from a spore produced 
by the reduction divisions. Therefore, does an aposporous gametophyte have the 
double number (2x)? >«Recent investigations, both among ferns and seed plantSi 
indicate that both of these questions may be answer^ in the affirmative. 

Conchisioiis. — The important features of this great group may be 
summarized as follows: There are represented all the pteridophyte 
types of vascular cylinder, from the most primitive to the most advanced; 
but the cylinders are peculiar among pteridophytes (Ophioglossales 
excepted) in being phyllosiphonic. The leaves are the most highly 
developed among pteridophytes (Ophioglossales excepted), being re- 
duced in number and increased in size. The sporangia are multiplied 
on the lower surface of the leaves; there is very litde differentiation of 
foliage leaves and sporophylls; and there is no organization of strobili. 
The conspicuous features are the development of the leptosporangiate 
habit, found in no other group of vascular plants (water ferns excepted); 
and along with this the appearance of a special kind of antheridium devel- 
opment. There is a gradual diminution of spore output per sporangium, 
and a corresponding diminution of sperm output; also a persistent re- 
tention of homospory. The gametophyte is a thallose, aerial structure. 
The line as a whole appears to be highly specialized, the only group con- 
taining the possibilities of the higher plants being the Maiattiaceaei 
probably the oldest family. 

(b) Hydropteridineae 

Genenl character. — The water ferns are probably an aquatic 
branch from the true ferns that has developed heterospory. They 
are leptosporangiates, and hence are doubtless derived from the only 
other known group of leptosporangiates. They comprise two distinct 
families that seem to be of separate origin. It is evident, therefore, 
that heterospory has arisen independently in almost every group of 
pteridophytes. 
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Salviniaceae 



These are the fioating fems, compiling two genera, Saivinia aad 

AsoUqf with few species, but some of them are widely distributed. 
Sporophyte. — The sporophyte 

body is a floating, doisventral stem, 

that develops by an apical cell with 

two cutting faces, instead of the apical 

ceU with three cutting faces usual 

among fems. The segments are cut 

o£[ right and left, and subsequent 

divisions result in eight rows of cells, 

four ventral and four dorsal. In 

Saivinia (fig. 396) the dorsal rows of 

cells pve rise to four rows of broad, 

flat, oyeriapping, aerial leaves; while 

the two central vential rows ^ve rise 

to submeiged and much dissected 

leaves that bear the sp^an^a. The 

two lateral ventral rows g^ve rise to 

the branches, and roots are entirely 

lacking. In AtoUa the two central 

dorsal rows of cells do not give 

*. to l.ttnd m.«.be,s, bu, fte J2r-»,iC^!:St'd STSJS 

two lateral dorsal rows produce lubnurged Inm beadng Von>cupfc 

leaves which are dor^ventrally lobed 

(fig. 397}. The submeiged 
ventral lobes bear the spo- 
ran^a, and a chamber in the 
aerial dorsal lobe is inhab- 
ited by an endophytic alga 
(Atiabaena). The two central 
ventral rows produce roots, 
and the two lateral ventral 
rows produce branches. 
Sporocarp. — ^Thesporan^a 
FlM. 39». 398.— .4ii>«o.* J9T. wnirJ lurface ^re submerged, as described, 

cl temnch. .bowing kaye» and ,p<,™c«ps; ^nd each sorus is completely 

398, megupotocaip and Ducnsponicup. — aiut _ i^ ' 

CAMtwDx. invested by the indusium, 
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which becomes hard at maturity, forming a small nutlike body called 
the sporocarp (fig. 30). In Salviniaceae, therefore, the sporocaip is a 
sonis invested by an indusium. Microsporangia and megasporan^^ 




400 



399 



Fios. 399, 400. — AeMi: 399, joung sporocarp, showing a young megaiporaogiuni 
Bnd the devrloping indu^uin; the megAAporaDgium ha^ advanced to the cutdng off of 
tapetal cells (f); 400, megasporocatp, ihowitig the terminal megasporangium with one 
Diegaspore (ot) surviving (be degeneration of he olheis, and the miciosporangia (mc) 
checked. — Af lei Miss Pteitfer. 

begin to develop in each sorus, but only one kind matures, so that at 
maturity there are two kinds of sporocarps (megasporocarps and 
micros porocarps, fig. 398), twlh kinds occurring on the same plant 
and even on the same leaf segment All the sporan^a have long 
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slender stalks, and are dist)nctl3r leptosponm^ate of the mors advanced 
type. 

Id both kiodst^^porangia sixteen mother cdls are developed (eight in 
the megasporan^um of AtoUa), as among the most advanced of the true 
fenis. In the micro- 
sporangium sixty-four 
spores are fonned ; but 
in the megasporangium 
only one megaspore 
matures, asingle mother 
cell functioning and 
three spores of the 
tetrad not maturing. 
Each sonis begins by 
developing a terminal 
megasporangiuni (fig. 
399), and beneath this 
microsporangia begin to 
appear. The megaspo- 
rangium of AzoUa de- 
velops mother cells 
and forms eight tetrads 
(32 spores). If thirty- 
one of these megaspores 
degenerate and one 
persists, the microspo- 
rangia develop no fur- 
ther, and the structure 

becomes a megasporo- fk,. ^01. —Atalla.- joung miCTOsporocarp, Id whidi 
carp containing one >ll >!■< nMgaipore* have dcgraerated in the tingle mego- 
menasporc (fie 400). VOf"*""" <^<^ ^' imc™spor«ngm imc) trt «ppeariiig 
.. „ V 6 "• / in abuDdBnce. — After MiSS PFEIireR. 

If all thirty-two mega- 
spores degenerate, the microsporangia continue to develop (fig. 401), 
and the structure becomes a microsporocarp (fig. 403). 

The tapetal cells break down and discharge their cytoplasm into the 
sporangial cavity, forming a remarkable matrix about the spores. In 
Sahnnia the microspores lie firmly embedded in hardened cytoplasm; 
while in Atolla the cytoplasm organizes into two to eight masses {mas- 
suhc), embedding the microspores. These massulae are invested by a 
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membrane, from the surface of which there arise remarkable appendages 
(glockidia) that resemble hairs with sagittate tips (fig. 403). About the 
sin^e megaspore the matrix forms a heavy and often elaborate perinium 
(p. 147 ) or epispore (fig. 406). 

Male gametophyte. — The microspore germinates within the sporan- 
gium of Salvinia, and within the discharged massulae of AzoUa^ in both 
cases sending out a tube to the surface, the external part of which is cut 
off by a wall (fig. 404). This external, water-exposed cell is the anthe- 

mem 




Fig. 402.^^ AaaOa: oHer microsporocarp, in which the microsporangia have de- 
veloped to the mother cell stage {mem) and the terminal megasporaiigium has oollapBcd. 
— After Miss PFSirrEX. 



ridium initial; and therefore the male gametophyte, as in Sdagindla 
and IsoeteSf is reduced to one vegetative cell (within the microspore) 
and one antheridium. The antheridium initial begins a series of two or 
three transverse divisions, after which a central cell is cut off by peri- 
clinal walls and produces eight sperm mother cells (fig. 405). 

Female gametophyte. — The development of the female gametoph]rte 
differs in several important particulars from that of Sdagindla and 
IsoeUs. The nucleus of the megaspore divides near its apex and a 
relatively small apical cell is cut off. The wall thus formed separates 



PTERIDOPHYTES 175 

the nutritJTe re^on from the reproductive region. The small apical ceU 
protrudes through the megaspore wall and develops an exposed tissue 
containing archegonia (fig. 406)- The nucleus of the large nutritive cell 
(almost the entire body of the megaspore) remains undivided in Saivinia, 
but in AtoUa it inidates a series of free nuclear din^ons, no cell walls 




Fio. 406. — Aielia: f enule ga- 
metophyte, Bhowing the extrudeda 
archcgonium-produdng tusue and 
FIC9. 403-405. — ^wtti.- 403, msiaulo, wilh in- the Urge Dutrltive Cell (iuvested 
doied micmaponi (shaded) and glochidia; 404, de- by the megupoie wall); arauad 
vclopment of male gametophyte, the extruded cell the gamctophTte are rcDuina of 
(aatheridium initial} beginning to divide; 405, tnale (he periniuni, and above a pait 
ganietophyte with actheridium complete (wait eella of the indusium b reprcaented. — 
tndosingspcrtnatogenouscetb). — After Campbiu- After Camfb ell. 

being formed. The two chief points of contrast in this developmental 
history, as compared with Sdagittelia and Isoetes, are (i) the develop- 
ment of a wall across the spore in connection with the first nuclear 
division, forming a diaphragm between the nutritive and reproductive 
legions; and (3) the failure to develop a nutritive tissue. 

Embryo. — The development of the embryo differs in no way from 
that of tnie ferns, except that the first division of the egg is transverse 
to the long axis of the archegoniiin\ a feature characterizing the primitive 
Marattiaceae, but not the modem Icptosporangiates. 
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Marsileaceas 
This family comprises 
the genera Marsilta and 
PUularia, whose species 
loot in the mud, under 
water or in muddy fiats. 
Sporophyte. — The 
stem is dorsiventral, as 
in the Salviniaceae, but 
it develops from an 
apical cell with three 
cutting faces, thus form- 
ing tliree longitudinal 
rows of segments. The 
leaves alternate from 
the dorsal segments, and 
the roots are produced 
by the ventral segments. 
The leaf otifarsitea has 
a long petiole and four 
leaflets peltately ar< 
ranged (fig. 407) ; the 
first leaves, however, 
produce no blades, only 
the petiole developing, 
and this is the permanent 
condition in PUularia. 

Sporocaip. — The so- 
called sporocBXp is borne 
on a stalk that arises 
adaidally from the leaf 
(petiole) , t he whole struc- 
ture apparently being a 
spore-bearing branch of 
the leaf (fig. 407). This 
adaxial structure may 
A. 1. ™o Mo. „d !„,., .hove, d,c™.» ,„LZ have ansen as did that 
of developing leavei, and adaiially borne iporocaip*. of the Ophio^OSSSleSt 
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that is, by the fuaon of 
lateral branches (p. 153). 
The sporocarp seems to be 
a modified leaf blade or 
blades enclosing a group of 
son (fig. 408). In Marsiiea 
the sporocarp is somewhat 
bean-shaped, each sorus 
being in a cavity that ex- 
tends from the ventral side 
towards the dorsal (fig. 
409). Lining each cavity 
is a delicate indusium com- 
pletely investing the sorus, 
which contains both micro- 
sporan^a and megaspo- 
rangia (fig. 410). In the 
microsporangia all the 
mother cells function in 410 409 

producing microspores ; ^ RfS 4<.a-4.o.-Afo,*ifo«: ^cS. m«ide ot one of 

,,, . , "" valves of the sporocarp, showing the system 

while m each megaspo- of veins, the short branches supplying the iorij 

rangium only one mega- 4<'9i section through > sporocarp, showing the two 

spore milures, as in (he f""=l»rtl»gtoln,.o*rfop(i™injrfll|,.«:h 

■^ , , ' IS a young megasporaDgium); 410, section through 

SalViniaceae. 1 he son ate > young sorus, showing a developing megasporangium 
attached to a tissue which (cutting off tapeUl cells) above, and a microspo- 

swdU reoiarkibly upon f^"" '"'f. 'K^-t" '•''' -^ M^: •'' 
' , investing indusium is evidenl. — Alter Jobnson. 

exposure to water, dragging 

the son out, from the 
ventral side of the sporo- 
carp, attached to a muci- 
laginous ring formed of 
the swollen (issue (fig. 
41T). In PUuiarui the 
sporocarp is globular, 
four soral cavities ex- 
tending from the base 

towards the apex, the 
Fm. 4it. — UartiUa: the swelling mucilaginous ring • l • 

dragging out sot! (indusia enveloping sporangia) from microsporangia being 
the iporocaip. above and the megaspo- 




178 MORPHOLOGY 

lan^a below. There is also a swelling tissue which in this case bursts 
out at the top of the sporocarp. The remarkable longevity and 
resisting power of the sporocarps of Marsilea deserve mention. Sporo- 
carps preserved on herbarium sheets for fifty years and others kept in 
95 per cent alcohol have resumed activity when placed in water. 

In contrasting the structures called sporocarps in Salviniaceae and 
Marsileaceae, it is evident that they are very different. In Salviniaceae 




Flai. 4i>-4i4. — Male guDctophjrle of UanUta: 41a, fint dinsioD of the mknspore 
Into vegetative cell (the smaller) and uittaerldium initial; 413, fint divisioa of u- 
thcridium initial; 414, uitberidiuni with wall of aterile talla Invetting apeTmalogenoui 
cells (shaded). — After Campbell. 

the sporocarp is an indusium investing a sorus, while in Marsileaceae 
it is a leaf blade inclosing a group of son with their indu^a. 

Oametophytes. — The male gametophyte does not emerge from the 
microspore, as it does in Salviniaceae, remaining entirety within the spore 
coat, as in Selagindia and Isoeles. As in all the prei-iously mentioned 
cases of heterospory, a single vegetative cell 
and a single antheridium make up the male 
gametophyte (figs. 412-414); but in Marsile- 
aceae the output of sperms is ^2, much larger 
than in Salviniaceae (8) and in Isoeta (4). The 
sperms of Marsilta are remarkable for the 
great number of coils in the beak, reaching 
^.u:^:t-;£^J.^ .3 or M, the upper ,. or ,3 having no dU. 
(fig. 415)- The female gametophyte closely 
Ksembles that of the Salviniaceae, and the nucleus of the great nutritive 
cell remains undivided, as in Salvtnia (figs. 416, 417). 

Embryo. — The embryo develops as in all the leptosporangiate ferns, 
the first wall of the egg being vertical (parallel with the long axis of the 
archegonium), and the four body regions being differentiated at the quad- 
rant stage. It is noteworthy that the Marsileaceae have retained the 
primary vertical wall of the egg, characteristic of the leptosporan^te 
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ferns, and that Salviniaceae have the transveise wall of the older 
eusporan^ate Marattiaceae. 

Conclusions. — It is evident that the water ferns are a yeiy specialized 
aquatic group, probably derived from the leptosporangiate ferns. More- 
over, the features of the sporangium, in development and output, in- 
dicate an origin from one of the higher leptosporangiate families. The 




Flos. 41O, 417. — FcDule Bunetophjte of MarsiUa: 416, the liuue protniding from 
(he heaTj megaspore waJ developing a aiogle large archegonium; the top ol the laise 
nutritive cell with iti lingle nucleus seen; 417, the mature archegonium. — After 
Campbeu. 

annulus characters, which might have determined the point, are lacking. 
It is interesting if heterospory has developed in these aquatic conditions ; 
and it is noteworthy that the development of the female gametophyte is 
very different from that of SdagintUa and IsoOes, which resemble 
gymnosperms in this regard. The fern connections of Marsileaceae are 
clearer than those of Salviniaceae, which in habit are further removed 
from the terrestrial leptosporan^ates. 



CHAPTER IV — SPERMATOPHYTES 

Introductory. — The Spermatophytes (seed plants) include the most 
highly organized plants, and are distinguished from the lower groups by 
the production of seeds. Once they were called Phanerogams, a name 
contrasted with Cryptogams, which included all the lower groups. 
Phanerogam means " sexual reproduction evident," and cryptogam 
means " sexual reproduction concealed." This distinction was based 
upon the belief that stamens and pistils are sexual organs, and that no 
such organs are evident in the lower groups. In fact, the sexual organs 
are very evident in the groups included under cryptogams; while they 
are very obscure in the so-called phanerogams. 

The seed plants were also generally called flowering plants, but the 
flower is not a structure that defines the group. There are two possible 
definitions of a flower. A very common one is that it is essentially a 
group. of sporophylls (stamens and carpels); but this definition includes 
the strobilus, a structure well represented among pteridophjrtes. An- 
other definition of a flower is that it is a structure in which a perianth 
(sepals and petals) is associated with the group of sporophylls; but this 
definition excludes many seed plants, and especially all the gymno- 
sperms. The limit of the flower, therefore, is either more extensive 
than seed plants or less extensive^-Jimd since the structure does not fit 
the group, the name flowering plants has been abandoned. The seed 
is a structure that seems to agree exactly with the boundary of the group, 
and therefore the name seed plants (spermatophytes) seems to be the 
most appropriate. 

The two groups of spermatophytes are Gymnos perms and Anguh 
sperms, the names expressing the conspicuous difference; for in gymno- 
sperms the seeds are exposed, and in angiosperms they are enclosed in a 
case. This difference is very far from expressing the full contrast be- 
tween these two groups, but the characters will be develop>ed as the groups 
are described. It is sufficient to state here that the gymnosperms are 
very ancient and form a comparatively small part of the present seed 
plant vegetation; while the angiosperms are comparatively modem 
and include the great bulk of the present seed plant vegetation. 

z8o 
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A. GYMNOSPERMS 



This group includes the primitive seed plants, and to understand their 
relation to pteridophytes it will be necessary to consider them in their 
historical sequence. Seven great groups are recognized: (i) Cycado- 
JUicales, (2) BenneUikUeSy (3) Cycadales, (4) Cardaitalesl (5) GinkgoakSy 
(6) ConiferaleSf and (7) Gnetales. The first, second, and fourth of these 
groups are extinct. 

(i) Ctcadofujcalbs 

Discoveiy. — The discovery of the existence of this most primitive 
group of seed plants, known only in the Paleozoic and chiefly in the 
Carboniferous, is so recent that a brief outline will be of interest. The 
Coal-measure deposits are notable for the remains of femlike plants, 
and such plants constitute about one half of the known vegetation of the 
time. Until recently all of these plants were thought to be ferns, the 
evidence from their leaf forms and venation appearing to be conclusive. 
Most of them show no sporangia, and such sporangia as do appear are 
mostly of the MaraUia type. The first expressed doubt (1883) that these 
femlike plants were all ferns arose from the persistent absence of spo- 
rangia. Later the anatomy of the stems of several forms was discovered 
to show characters combining those of ferns and of cycads, and for such 
forms the group name Cycadoftlices was proposed (1896). In 1903 
seeds were found on the leaves of certain of these Cycadofilices, and the 
group name Pteridosperms was proposed to include the Cycadofilices 
that bear seeds. Finally, in 1905 the microsporangia were discovered; 
and curiously enough some of these microsporangia were the sporangia 
of so-called ferns. Therefore, a knowledge of the existence of ferns dur^ 
ing the Carboniferous came to depend more upon inference than upon 
any sure recognition of their remains. In any event, it seems certain 
that almost all of the so-called fern vegetation of the Carboniferous be- 
longs to these primitive seed plants. The oldest name for the group is 
here adopted, its termination being adapted to that of the other groups 
with which it is coordinate. 

Sporophyte, — The habit of the sporophyte body is conspicuously 
femlike, including not merely the usual fern habit, but also climbers and 
trees. The vascular anatomy, which first separated the group from 
fems, deserves brief mention. Three of the four conspicuous types of 
vascular cylinder found among fems (see p. 156) are found in the stems 
of Cycadofilicales, the three representative genera illustrating them be- 
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ing HderangiuM (protostele), Lyginodendron (eclophloic siphonostele), 
and MeduUosa (polystele). Among the Cycadofilicales, however, there 
is a dc velopmen t of second- 
ary wood in varying 
amount, but always dis- 
tinct (fig. 418). This char- 
acter distinguishes Cyca- 
dofilicales from ferns, but 
it would not serve to sepa- 
rate them from pterido- 
phytes, for secondary wood 
was formed by many of the 
older pteridophytes (as the 
extinct Lycopodiales and 

FlO. 418. — PholOKraph of cress Mct ion of vascular Equisetalcs) . 

(yliodcr (eclophloic sipboooalele) of Lygmadtndron, Seeds. The secds of 

ihowiDg the Mcondat; wood characteristic of Cnodo- — . ei. ■ l 
lilicate.-Photograph by BOODLE. Cycadofilicales have now 

been found in connection 
with all the great frond genera of the Carboniferous. The leaves 
or the pinnae which bear seeds usually differ in form bom the stetile 



Flos. 4t9, 430. — Seeds of CrcadoGUcalca; 419, seed of Z«;nK)itBimL0iM«f (rvMond 
bf Ouvik), ihowing Ihc invcsling glandular Cupule; 490, two «e«d» of X. Sineiairi 

tenninatiDg Eiaked branches. — Afler Akbbk. 

leaves or pinnae, the seeds terminating naked branches and often 
being invested by busldike cupules (figs. 419, 430, 431), as if the 
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lamina had disappeared and only tlie prominent ribs per^sted. In 
some cases, however, the seeds replace son on ordinary femlike leaves 
(fig. 4aa). There are very many detached paleozoic seeds which have 
never been connected with the plants that produced them; but doubt- 
less many of them belonged to the CycadofiUcales. So far as these 
attached and detached seeds 
have been sectioned, they show 
cenain features in common 
which are regarded as primi- 
tive. In seed plants the mega- 
sporangium has long been 
called an ovule. In general 
structure it con^sts of a central ^ 
region (the real sporangium) 
called the nucellus, which is invested by one or two coats called inttgu- 
ments. A passageway {mkropyle) is left through the integument at 
the tip of the nucellus. When the changes occur that transform the 
ovule into the seed, the integument develops in various ways to form 
the seed coat or testa. In fossil seeds it is evident that the structure 
of the ovule must be inferred from the structure of the seed. 

In the seeds of Cycadofilicales 
there is a three-layered testa, which 
is often peculiarly free from the 
nucellus. The vascular strand that 
enters the seed divides into two sets 
of branches, one set traversing the 
testa, and the other traversing the 
outer region of the nucellus, in case 
the testa and nucellus are free. The 
Fio. 4".-S«<b rf Peu.purU ™ „^^^,]^^^ j^ ^^^^ ^^y Contains a 
ocdiaai7 femlike lesTcs. — AKer G&and* 

Edby. deep chamber {ptMen chamber), 

which serves as a gathering place 
for microspores, and which in living gymnosperms is associated with 
swimming sperms. A remarkable feature of the seed, and of all paleozoic 
seeds that have been sectioned, is that there is no trace of an embryo. 
Since ihe embryo is present in mesozoic seeds, its absence from paleozoic 
seeds must be due lo other causes than failure to be preserved. 

'Stamens. — The microsporangiate structures (stamens), first recog- 
nized in 1905, have been found to be of at least three types. They are 
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leaves or pinnae more or less modified, and may be said to take the fol- 
lowing forms: (i) epaulet type (Crossolkeca), in which the microspo- 



FlOB. 413, 414. — MicrcBporangU tt Cfcado&Iicalcs, cpnulct (Crossolheta} trpe: 
493. diagmn of cross sectioti, abowing the limb (a), the sporangia (t) showing their 
■ttachmeal (^, uid the " central boss" (c); *M. diagram of horiztmCal Section, showing 
the two-chambeied sporangia; letters u before. — After £ii>ston. 

rangia are pendulous from a more or less peltate and stalked lamina 
(figs. 433, 424); (2) cupule type (Calymmaiotkeca), in which the micro- 
sporangia occur in cupule-like structures terminat- 
ing naked branches (fig. 425); and (3) synangium 
type, in which the microsporangia occur as synangia 
upon the abaxial face of fenilike leaves. 

Female gametopbyte. — The female gametophyle 
is hardly at all preserved, so far as found, and 
sections of the seed give no evidence as to its 
structure. 

Conclndons. — The chief features of this most 
interesting group may be summarized as follows : 
It is evidenUy very closely related to the fems, 
the resemblance in external appearance being 
remarkably close. The vascular anatomy is dis- 
tinctly of the fem type, but with the additional 
feature of secondary wood, which is a gymno- 
sperm feature. The microsporangia are hardly 

^^■.*'S'~**'^ changed from fem sporaneia; but the megaspo- 

■tMrangia of Cycado- F T l j n j 1 j 

filicales, cupule (Cj- ranp* ^^e enormously changed, a well -developed 

lymmaioihrca) type: ovule replacing a sorus or a synanpum. It seems 

CoAwixA«j; sporangia ^(^3^ [hat this, the most ancient group of seed 

OD Ihe inner surface of , , j ■ j r .-ii • ^ 

the cupule valres.— p'aits, was denved from still more ancient 

Atter Sbllaeds. fenis. 
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(a) Bbrhxttitaiss 

Gensral dumcter. — The members of this extinct group were very 
conspicuous during theMesozoic, and they have been called fossil cycads. 
In fact, the Mesozoic has been called the age of cycads, so far as plants 
are concerned. Recent investigations have shown, however, that the 
Bennettitales are very distinct from the living cycads. They were ex- 
traordinarily abundant during the Jurassic, numerous remains having 
been found in North America, Europe, and Asia, and extending into 
the arctic regions. The richest display of forms occurs in the United 
States (Maryland, South Dakota, and Wyoming), the conspicuous 
American genera being Cycadeoidea and Cycadella, and in Mexico. 

^loiopbyte. — The sporophyte body is generally tuberous in form, 
sometimes very large, but short columnar trunks (three to four meters 
high) also occur. This stem is 
covered by a heavy armor of 
leaf bases, among which there 
are wedged numerous short 
axillary branches, each bearing 
a terminal strobilus (fig. 426). 
The occurrence of numerous 
strobili on lateral branches is in 
striking contrast with the usually 
solitary terminal strobilus of the 
cycads. A second striking ex- 
ternal feature is the occurrence 
of an abundance of membranous 
scales {ramentum), which are 
packed among the leaf bases 
and sometimes sheath the whole 

body with a feltlike mass. This Fic. 436. — Photograph of fasjil trunk of 
ramentum is characteristic of Cycadeoidea, showing ti " 
ferns, and is often conspicuous * 
upon (he trunks of tree ferns, wieland. 
The anatomy of the stem is 

exactly like that of the cycads ; with a very thick cortex, a compara- 
tively thin vascular cylinder, and a large pith. The vascular bundles 
composing the cylinder are collateral, with ihe protoxylem in contact 
with the pith (endarch). In the leaves, however, the protoxylem 
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occurs in the midst of the xylem (mesarch), a feature characteristic 

of ferns. The wood of the stem, therefore, has advanced to tlie 

endarch condition, while in the leaves the old mesarch character 

of the ferns remains. The leaf trace is a single and direct vascular 

strand, in striking 

contrast with the leaf 

tracesof cycads. The 

tuberous or columnar 

body bears a crown 

of huge cycad-like 

(femlike) leaves. 

Strobilos. — The 
strobiti of certain 
European forms have 
i bccnknownforalong 

time, but their real 
structure was not 
known until the re- 
cent study of the 
American forms. It 
seems clear now that 
probably the strobili 
of the whole group 
were bisporangiate, a 
most remarkable con- 
dition among gymno- 
sperms, for in all the 
other groups the 
strobili are either 
staminate or ovulate, 
except in cases that 
Fto.4»7- — Diagram of sirobiius of Cj^fepJrf™. showing »« regarded as ab- 

the hairj ihoKhing bricta, the set of branched stamen) normal. The StniC- 
(bent inward so that the backs arc towat.ls the ovules), and ^^^^ ^f ^ repnsCnta- 
the tip of the asJa covered by ovules. — After Wieland. . . . ., . 

tive strobims may be 
described as an illustration of the general condition (figs. 427, 428). 
The strobilus Is sheathed by a series of sterile, overlapping bracts. 
Within (and above) these there arise ten to twenty microsporophylls 
(stamens); and within the stamens, covering the rest of the axis of the 
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strobilus, arc the megasporophylls (carpels). The whole structure is 
like that of a huge flower (like a Magnolia), with perianth, stamens, 
and conical mass of carpels. When the stamens are present, the ovules 
are immature ; when the seeds are mature, the stamens have dis- 
appeared, but their place of insertion is evident in the form of a 
shoulder between the seeds and the enveloping bracts (fig, 429). 



—The stamens are like fern leaves that are twice pinnate 
(fig. 428), and underneath the pinnules (sometimes twenty in number) 
there are two lateral rows of synangia (fig. 430), which are son of the 
Maraltia type. The stamens are united below into a broad disk, becom- 
ing free and pinnate above the ovule-bearing apes of the axis. The 
synangia are almost identical in structure with those of Maraltia, so 



l88 MORPHOLOGY 

that the inicrosporan^a have advanced very little beyond the fern 
level. 

Ovulate Btmctims. — The megasporan^ate structures, however, 
have advanced very far beyond the fern level, and art very peculiar 
(fig. 431). The seeds terminate 
long and slender stalks, which are 
packed among interseminal scales 
that are also stalked structures. 
The stalked seeds and interseminal 
scales are arranged so as to form 
an ovoid, fniitlike body, with a 
mosaic surface composed of the 
flaring tops of the interseminal 
scales, wedged between which 
the micropylar Wihes of the seeds 
protrude. If this structure be 
compared with the seed-bearing 
structures of the Cycadofilicales, 
especially those in which the seeds 
terminate the naked branches of 
I a pinna, it will be observed that if 
' these branches be reduced to a 
single axis, ihe condition in Ben- 
netlitales is obtained. The inter- 
seminal scales are probably sterile 
megas[>orophylls ; and all the 
megas[K>rophylls, leaflike and 
spreading in Cycadofilicales, are 
compacted into a strobilus in 
Ben net li tales. , 

Fio. 4a<,. — StrobUm o£ a species of Seeds. —The Structure of the 
Cycadroidta, in which the seeds are maiure, seeds has been oblained from sec- 
„d.l,o.kgfc.houl,k,(.),Uthbo,.lh. ,j„„ „.^j^|, j^„ J 1,^, , 

rtameoj, — Allcr Wieland. *^ 

su^estmg a nidiment of the in- 
vesting and husklike cupule of some of the Cycadofilicales; a two or 
three layered tesla ; and a large dicotyledonous embryo completely 
filling ihe .seed (fig. 43^)- This embryo is unlike that of any living 
gymnosperm, in that in developing it destroys all of the endosperm 
(see p. aoa). 



Flo. 430. — Microspotangia (b;nangia> ot Cyaidtaidca. — After WhlahSi 



FlO. 431. — Diagram of strobilus ol BenHit- Fic. 43a. — Section of 

lUti, in which ihe scnls are mature; showing a seed of BenmltUa, 

Ihe sheathing bracti, the 1ong-!ialked seeds, showing the large dicoly- 

and the broad-tipped interseminal scales. — Icdono us embryo. — After 

Alter Solus and Potonie. Solus. 
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Conchislons. — The characters presented by tbis group are a com- 
bination of the characters of Cycadofilicales, of Cycadales, and of char- 
acters peculiar to itself. In lateral branches, ramentum, direct leaf 
traces, and synangia, it resembles Cycadofilicales and Filicales. In 
general habit and 
anatomy it re- 
sembles Cycadales. 
In its bisporanpate 
strobilus, its united 
and pinnate and 
synan gi um-beari ng 
stamens, its mix- 
ture of sterile and 
fertile megaspo- 
rophylis bearing 
terminal ovules, 
and its peculiar 
embryo, it is unlike 
any other gymno- 
sperm group. 

(3) Ctcasalbs 
General character. 
— The cycads are 
tropical plants, in- 
cluding almost one 
hundred species, 
constituting nine 
genera. They are 
distributed almost 
equally between the 
oriental and Oc- 
cident al tropics, 

FiO. 433. — Cjwji mtdia (middle and right) »nd C. N^irman- ^ , . ,r 

JjoM (left), bom oriental itopics. —After F. voN Mulleb. ^V^'*" "^'ng tne 
conspicuous orien- 
tal genus, and Zamta the conspicuous occidental one. The cycads are 
the modem iiiing representatives of the line that began with the 
Cycadofilicales of the Paleozoic, and was condnued by the Bennet- 
titates of the Mesozoic. 
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SporafilTte. — The sporophyte body consists of a tuberous or columnar 
stem, covered by an armor of leaf bases, and bearing a crown of large 
branched leaves and an apparently terminal strobilus (figs. 433-437). 
All the stems are tuberous when young, but in some species the tuberous 
body passes into the columnar, which in certain species of Cycas reaches 



Fig. 434. — Dwom cduii (Mexican). — After CHAMBEKtADJ. 

a height of 10 or even ao m, (fig. 433). In those forms with the per- 
sistently tuberous habit, the stem is somedmes subterranean and very 
small (fig. 437). While the stem usually appears to tenninale in a 
angle strobilus, the strobili are in fact lateral, although close to the 
apex, and a succession of them may appear near the stem tip. In fact, 
in an African form strobili have been observed arising in a cycle about 
the vegetative point. It will be remembered that the strobili of Ben- 
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nettitales are UterBl, but distributed along the stem; while in Cycadales 
they are lateral, but restricted to the tip of the stem. 

Vascular anatomy. — The anatomy of the stem resembles that of the 
Bennettitales, with a thick cortex, a thin vascular cylinder, and a large 
pith (fig. 438)- The 
vascular bundles of 
the stem are collateral 
and endarch, as usual 
among gymnospenns; 
but in leaf traces, or 
leaf veins, or axes of 
strobili, the old fem 
connection is indi- 
cated by mcsarch 
bundles and some- 
times even by con- 
centric bundles. It 
is in these so-called 
peripheral regions of 
the body that the 
older features of the 
vascular structure 
persist the longest. 
The primary cambi- 
um of the stem may 
persist (as in Zamia), 
although the amount 
of secondary wood it 
forms is always small; 
or it may be of short 
duration (asin Cycoj), 
in which case a series 
F.C.43S— B«<;'''-(«i™t«]). >howu.B lubero™ «e-n of successlvecambium 
with heavy armor of leal bases. — After Eichlek (Ehglee 
and PnANTL). cylmders is formed in 

the cortex, resulting 
in a concentric series of vascular cylinders. The leaf traces differ 
very much from th()se of the Bennettitales. Instead of being direct, 
as in (he lalter group, some of [hem (usually two) pass around the 
Stem through the cortex, and often enter a leaf on the opposite side of 
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the stem from their emergence 
from the cylinder. These leaf 
traces curving about through 
the cortex are called girdles, 
and are conspicuous objects in 
any cross section of the stem 
(fig- 438). 

Leaves. — The leaves are very 
large, pinnate, and generally 
leathery. The mesophyll is 
peculiar in containing cells 
elongated parallel with the leaf 
surface, and so loosely arranged 
as to appear Uke bridles of 
tissue traversing a large cavity. 

Strobilus. — The strobili are 
dioecious, in striking contrast 
with those of Bennettitales, in 
which the staminate and ovu- 
late structures are not only on 
the same phint, but also in the ^^ «*■ " ^^"^ ^'T ^'"*''"'' "^"^ 

■™ " y I "~ jmall, tuberous, mostly subletranean «(em«, oiw 

bearing a sUminale strobilui. 



FlO. 437- — Zamia, bearing an ovulate stiobilus. 

Staminate. — In the staminate strobili the sporophylls are closely 
imbricate (figs. 436, 439), narrowed below, and broadened above into 
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a more or less expanded terminal sterile iKirtion (figs, 440, 441). The 
sporangia are borne on the abaxial surface of the sporophyll, varying 
in number from 1000 or more in Cycas (% 440) to very few in Zamta 
(fig. 441). They may cover the whole face of the sporophyll, or may 
occur only on the two flanks. Usually they are in definite son of two to 
^x sporangia, and often they are more or less united at base. 



Fia. 43S. — Cross section of a stem of Zamiat showing the thick cortex, thin tsschUt 
cylinder, large pith, and curving leaf traces (girdles); the vascular cylinder is seen la 
consist of vascular bundles (tylem next the pith, phloem next the cortex} separated b; 
pith rays; partly diagrammatic. 

The sporangia are eusporangiate in development, but the inilia] cell 
or cells are hypodermal (under the epidennis), and not superficial as 
among the pteridophytes. The initials usually form a hypodermal plate 
of four cells which divide periclinally into two plates, the outer giving 
ri^e to the four to seven wall layers (overlaid by the epidermis), the inner 
giving rise to the mass of sfHimgenous tissue. The tapetum is organized 
from the peripheral layer of sporogenous cells. The output of spores 
per sporangium varies from 500 in Zamia to z6,ooo in Encepkaiartos. 

The abaxial distribution of sporangia, the sori, the large output, the 
dehiscence, all resemble ferns of the MaraUia type. 
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Ovulate. — The 

ovulate strobilj (fig. 
442) are sometimes 
very large. The 
genus Cycas is 
peculiar in its ovu- 
late strobilus, in 
that it is not a com- 
pact strobilus, but 
a rosette of spo- 
rophylls resembling 
reduced foliage 
leaves, in which 
ovules replace the 
lower pinnae or 
teeth (figs. 443, 444). 
In general, the spo- 
Tophylls vary from 
the leafliice (pin- 
nate) fonmof Cycas 
to peltate forms (as 
in Zamia, fig. 441, 
and Ceratozamia, 
fig. 44S)- Between 
these extreme forms 
there h a complete 
series of tran^tions, 
but there is always 
a terminal sterile region of varying form. The ovules vary in number 
from five or six to two. 
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Oniles. — The stnicture of the ovule (hg. 446) is of the same general 
type as those of Cycadofllicales and Bennettitales. The thick integu- 
ment is free from the nucellus in the region of the nucdlar beak, and 
develops a testa of three layers ; a stony layer between an outer and an 
inner fleshy layer. Among the Cycadofilicales, it will be remembered, 
the vascular supply to the ovule is divided into two sets of vascular 
strands, the outer set traversing the integument, the inner set the peri- 
pheral region of the nucellus; but in that case the integument and 
nucellus are almost com- 
pletely free. Among the 
Cycadales, where the integu- 
ment and nucellus are free 
only above, the outer set of 
vascular strands traverses 
the outer fleshy layer of the 
testa and the inner set trav- 
erses the inner fleshy layer 
(fig. 446). The nucellus de- 
velops a sharp beak, within 
which a conspicuous pollen 
chamber is formed. The 
first evidence of spon^nous 
tissue is the appearance of a 
spore mother cell deep within 
the nucellus, which soon 
differs conspicuously from 
the ndghboring cells in size 
and contents. This mother 
„ , . . , cell, by the reduction divi- 

FlO, 44a —Ovulate slrobiIii3 of ZoMio. . / ,. . 

sions, forms a Imear tetrad, 
the innermost megaspore functioning, and in its growth encroaching 
upon the other megaspores and the neighboring cells. 

Female gametophyte. — The female gametophyte develops in a 
general way as in Selagindia and Isoetes, and as in neariy all gymno- 
sperms. At least five stages in the development should be borne in 
mind : (i) free nuclear division, by which a varying number of free 
nuclei are distributed through the cytoplasm of the megaspore; (a) pa- 
rietal placing of these nuclei by the development of a central vacuole; 
(3) continued free nuclear division; (4) formation of parietal tissue by 
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tbe devdopment of cell walls separating the free nuclei; (5) centripetal 
growth of this tissue until it fills the cavity of the enlai^ng megaspore 
(wliich is now known as tbe embryo sac, fig. 446), At least two regions 



Aaa.443>444- — McgaspocophylbcfCjUM.- 4t3,C.rewlula; 444, C. cireiMaJJl. 

ina]r be distinguished in the completed gametophyte; a re^on of smaller 
cells afthe micropylar end of tiie embryo sac, in which archegonia are 
developed; and a deeper region of larger cells, which are nutritive In 
function (compare Sela- 
gineUa, p. 136). 

Archflgonla. — The 
archegonia vary widely 
in number, but three to 
five are most common. 
The archegonium initial 
is asup>erficia] cell, which 
divides peridinally into 
a primary neck cell (the 
outer one) and a central 

cell (the inner one). FlC44j. — Mcgasporophyl is of Cwaiow Bio. 
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The primarf neck c^ divides vertically, and these two nedc cdb, 
lying side by side, are constat among the Cycadales. The central 
cell then begins a remarkable enlargement, and becomes invested by 
a special jacket of cells, known as the archegoniai jackd, which func- 
tions as a nutritive layer. Finally the 
nucleus of the central, cell divides into the 
ventral nucleus, which soon disDrganizes, 
and the egg nucleus, about whkh the cyto- 



Pio. 44G. — DiagTunoultc 
■edion of orulc of Diaon, shm- 
ing the thick integumeat frte 
froni DUCcllui U beak (in which 
tbe pollen chamber ia evident, 
but not open}; tbe three layers 
qf the tesU, outer fleshy (liaT- 
erscd by vascular stranda), atoay 
(thick and shaded), and inner 
dcshy (di.itiDct in region of beak, 
but roergrd with nuccUus be- 
k)w, and traversed by vascular 
Mtands); the embryo sac con- 
taining the female g.imctophyte Fic. 447. — Micropylar end cS a mtture 
(endmpcrm), in which two aichegoniuni of Dioon, showing Uie two neck 
archegonia are present. — After cells, the ventral nucleus (in the a'pci), andlh* 
Chahbeilain. egg nucleus (below). — After Chaubeuain. 

plasm is organized to form the egg (fig. 447). The notable feature of 
this archegonium, in contrast with the archegonia of bryophytes and 
pteridophytes, Is the complete elimination of neck canal cells. The 
cycad egg and its nucleus are (he largest known among plants. As the 
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arch^onium devdops at the micropylar surface 
of the gametophy te, the DeighboringceUs con tinue 
growth, and the archegonium is left in a depres* 
son known as the arckegonial chamber (&g. 448). 

Male gametophyte. — The male gametophytes . 
differ from those of Sdagineila and Isoetts in 1 
certain important particulars. The first divi- 
sion within the microspore (pollen grain) cuts off 
a persistent vegetative cell. The next division 
^ves rise to the generative cell (primary 
^>ennatogenous cell) and the tube cell. This is 

the usual condition of the gametophyte at the Fio 44a — Di am el 
shedding of the pollen grain, which is therefore embryo sac (coaiainmg fe- 
seen to contain three nucld: those of the per- maiegflnieioph)rte)ofIiHwi. 




and of the tube cell (fig. 449). 



After Chambiriain. 




Pus. 449-^56. — BAat« gametophyte of CyouretwA'to.- 449, shedding Mkge of micio- 
■pore (poUen gi^) shoving persistent vegetative cell, generative cell, and lube celt; 
450, later stage (after shedding) showing rounded-off vegetative and generative Cells 
<tube nucleus has passed into the pollen tube); 451, divbtcvi oF nudeui of generative 
ocD into ntidei of stalk and body cells; 4$!, enlargement of nucleus of body cell, and 
thmsting out of the stalk nucleus; 453, division of body cell to form the two sperm 
mother cells, in each of which a ciliated sperm is beginning to form; 454, flection of a 
developing spenn; 455, 456, two viewi of a tnature ipemi. — 449-454, after Iiemo; 

*$$• *i^ '^ CODLTBK. 
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The subsequent development of the gametopbyte CKcuis after tbe 
pollen grain has reached tbe pollen chamber. In this position the tube 
be^'ns to develop and to penetrate the tissue of tbe nucellus, tbe tube 
nucleus passing into it Then tbe generative cell, remuning within tbe 



FIgs. 457, 458. — Devclopmenl at Ihe embiTD at Zamia: 457, the stage ef fnc 
nuclear division; 458, tiisue-formstiiKi at base of egg, with numerous free nuclei remain- 
ing in the general cytoplasm. — After CouLTEE and Chambeblaih. 

grain, divides into the stalk cell and the body cell (fig. 451)- Tbe stalk 
cell is sterile and produces nothing ; but the body cell enlarges (fig. 453)1 
and there appear within it, near the nucleus, two remarkable bodies, 
the blepharoplasls. Tbe body cell then divides to fonn ihe t»'o sfurm 
mother cells (fig. 453), in each of which is one of the blepharoplasts. In 
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a Cuban cycad (Microcycas) recently 
studied, as many as sixteen mother 
cells and ^>eniis have been found in a 
sin^e pollen tube. Within each mother 
cell a large, spirally grooved, multi- 
ciliate sperm is formed (figs. 453, 454), 
which is discharged and swims freely 
(fi^ 455, 456). The blepharoplast 
has received its name from the fact 
that it develops the cilia. The dis- 
covery of these swimming sperms of 
Cycadales was quite unexpected, since 
it bad been supposed that all seed plants 
had abandoned swimming sperms ; but 
the discovery served to emphasize tbe 
fern connections of the cycads. 

FertUizatioD.— The pollen tube pene- 
trates the tissue of the nucellus in vari- 
ous directions, often branching, and 
always functioning as an absorptive 
structure {haustorium). Finally it col- 
lapses, and the tube nucleus may return 
to the grain end of the tube. In tbe 
meantime the tissue of the nucellus 
lying between the pollen chamber and 
the archegonial chamber has broken 
down, and the two chambers become 
continuous. Then the sperms are dis- 
charged into the archegonial chamber, 
and finding their way into the arche- 
gonium fertilize the egg. It is evi- 
dent that the pollen tube in these 
primitive seed plants is not a means of 



FU. 459. — Differentiatian of proeinl»7(i of 
Zamia hy elongation of celU of impcnaor legion; 
unetongated cclli above suipenior (onning the 
"rosette"; apical group of small roeriitcmalic 
celli (note spin din) to form the embryo. — After 
CooLiEK and Ckahbebiain. 
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carrying the sperms to the archegonia, but is simply an absorpdve 
organ. 

Embryo. — The development of the embryo differs in detail among the 
cycads, but the general features are fairly constant (figs. 4571 458). The 
first stage is that of free nuclear division, resulting in a distribution of 
nuclei through the cytoplasm of the huge egg (fig. 457). For example, 

in Zamia there are eight successive divisions, re- 
sulting in 256 free nuclei. The next stage is that 
of wall formation, which varies in extent, sometimes 
resulting in a tissue which nearly fills the egg, but 
sometimes (as in Zamia) being restricted to the 
lower region of the egg (fig. 458). This tissue, 
which in Zamia occupies the lower end of the egg* 
is the proembryo. The cells behind the tip cells of 
the proembryo begin to elongate remarkably (fig. 
459), forcing the tip cells out of the archegonium 
into the nutritive tissue of the gametophyte (endo- 
sperm), and continue to elongate until they form an 
exceedingly long, tortuous, and often spirally coiled 
massive filament (suspensor), sometimes 5 cm. or 
more long (fig. 460}. The tip cells at the end of 
this long suspensor form the embryo, which develops 
two cotyledons, a constant feature of cycads. In 
the germination of the seed these cotyledons remain 

of Cycas circinalZ ^^^ ^"^ ^^^ 

showing (above) the chiagw in tenninology. — In passing from pteridophytes 
remains of proem- ^ ^ u * .. . a. r . ^ ^i. i_ . 

biTonic tiasu^ the spermatophytes, it is sometimes confusing to the banner 

loog and coiled sus- ^ ^^ *^® °^^^'" terminology of the seed plants to the more 
penaor, and the termi- >^^ccent terminology of the lower groups. It is important that 
nal embfyo. — After this change in terms should not give rise to the idea that 
Treub. there is any change in the character of the structures. The 

following list should prevent any possibility of confusion in 
this transition from one set of terms to another. The real name of the structure, 
as used in the lower groups, is followed in each case by the older name applied 
in seed plants before any such relationship was known : microsporophyll (stamen), 
megasporophyll (carpel), microsporangium (pollen sac), megasporangium (ovule), 
microspore (pollen grain), megaspore (embryo sac), female gametophyte (endo- 
sperm). 

Conclusioiis. — The femlike characters of the cycads appear in the 
vascular anatomy, mesarch and even concentric bundles still being pres* 
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ent ; in the form and general character of the leaves ; in the microsporo- 
phylls with their abaxial sporangia in soii ; and in the swimming sperms. 
These characters are shared with Cycadofilicales and Bennettitales, the 
ovules of which groups those of cycads further resemble in the three- 
layered testa (the outer and inner layers fleshy and the middle one 
stony), the two sets of vascular strands, and the nucellar beak with its 
pollen chamber. The general habit of the sporophyte body further 
resembles that of the Bennettitales ; but the relatively terminal and 
monosporangiate strobili are peculiar to cycads. 

The cycads evidently represent the modem end of one seed plant 
line, which has come from the femlike Cycadofllicales of the Paleozoic, 
and which gave rise to the Bennettitales during the Mesozoic. 

(4) Cqrdaitalbs 

General cliaxacter. — This is an extinct paleozoic group of gymno- 
sperms that was contemporary with the Cycadofllicales, and these two 
groups made up most of the seed plant vegetation of the Paleozoic, 
the Cordaitales being the dominant gymnosperm forest tjrpe. The two 
groups appear side by side as far back as the records go, but intergrad- 
ing forms indicate that the Cordaitales probably arose from the 
Cycadofilicales at a very early period. 

^K>rophyte. — The Cordaitales were tall and slender trees, often 
xo to 30 m. high before branching, with a dense crown of branches, 
and a great abimdance of simple and large leaves (fig. 461). The gen- 
eral appearance of these trees differs from that of any living gymno- 
sperm. 

Vascular anatomy. — The structure of the stem combines the char- 
acters of other groups and suggests its relationships. The siphonostele 
composed of collateral endarch vascular bundles is common to all 
gynmosperms ; the mesarch bundles of the leaves, a character shared 
with the g3rmnosperm line beginning with Cycadofilicales and ending 
with Cycadales, testifies to the connection with ferns ; the large pith is 
shared with the same g3rmnosperm line ; the double leaf trace is also 
a feature of the Cycadofilicales; but the branching habit, the simple 
leaves, and especially the thick cylinder of secondary wood are char- 
acters of the Conifendes. These characters indicate a connection with 
the Cycadofilicales, and a development towards the Coniferales instead 
of towards the Cycadales. 

Leaves. — The leaves are simple, dongated (fig. 461), with parallel 



204 MORPHOLOGY 

veins that branch dichotomously, except in certain forms with very 
narrow leaves. In some forms the leaves are short and obovate, sug- 
gesting those of Ginlc- 
goales. The structure of 
the leaves is like those 
of the cycads, with the 
very characteristic meso- 
phyll (see p. 193). In 
form, therefore, the leaves 
in general resemble those 
of the conifers; but in 
structure they resemble 
those of the cycad line. 

StroWll.— The strobili 
are small and monospo- 
rangiate, both kinds of 
strobili usually occurring 
on the same plant (monoe- 
cious), characters which 
belong to the conifers. 
They occur in clusters 
on lateral branches (fig. 
461), and both kinds are 
sheathed by bracts. 

Staminate. — The stam- 
inate strobilus is made up 
of spirally arranged sterile 
bracts, among which the 
stamens occur, either soli- 
tary or grouped near the 
apex (fig. 461). Each 

Fio. 461. — Ke^loration of Dorycerdailei, one of . - i .i . ii 

.1, f ^ ■. i„ I. ■ .1, u k- k L-. I. stamen is a slender stalk 

the Lordaitalcs, showing ihe branching habil, the 

simple, elongated. paraiict-vcinKl leave), and the bearing a terminal cluster 

dusters of strobili borne on lateral branches. —After of three to slx erect SpO- 

rangia with longitudinal 
dehiscence. It is only among the Cycadofilicales that such terminal 
and erect microsporangia are found (cupule type, see p. 184), 

Ovulate. — The ovulate strobilus is made up of conspicuous over- 
lapping bracts, in whose axils short branches appear, each of which 
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beus one or two bnctlets and a tenrnnal ovule (Gg. 463). The bearing 
of ovules on secondary axes of the strobilus results in what is called a 
compound strobiius, a type of stiobUus characteristic of certain cooifeis. 

Ovulu. -— Although the 
structure of the testa is not 
dear in the sections that have 
been made (fig. 463}, two 
layers are evident (the outer 
fleshy and the stony), and it 
is probable that an inner 
fleshy layer was also present. 
This type of testa is char- 
acteristic of the whole cycad 
Hne of gjraonospenns. An- 
other primitive feature of the 
ovule is that the nucellus is 
quite bee from the integu- 
ment, and that one of the 
sets of vascular strands trav< 
erscs the outer fleshy layer, 
and the other set traverses 
the peripheral le^on of the 
nucellus. This structure is 
duplicated only among the 
Cycadofilicales. There is also 
a prominent nucellar beak 
and a lai^ pollen chamber, a 
structure which indicates the 
existence of swimming sperms. 



Male gametopbytc. — The „e of' Ui/'crdaiJliL, »howmg the i^lrJly »« 

poDen grains are preserved in ranged sterile bracts, and the stalked Uuneni 

abundance, and in favorable bw^W lerminal sporangia (the longitudinal de- 

... , biscEncB tt the ■poruuiia not ihown). — Alter 

specimens a group of internal pjj,jjm_, 

ceDs Is evident (fig. 464), 

which must represent a male gametophyte; but whether these cells are 
vegetative or spennatogenous or both cannot be determined. In either 
case, the number of cells indicates a very primitive condition. 

Female gametophyte. — The female gametophytes resemble those of 
modem gymnosperms. Two arcbegonia have been seen, and between 
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them a beaklike projection of the endospenn, a structuie that char- 
acterizes Ginkgo. No seeds have been found containing embryos ; and 
since the same fact is true of 
the Cycadofilicales, it is evi- 
dent that all the seed plants 
of the Paleozoic shared this 
peculiarity. 

Conclusions. — A summary 
of the characters of Coidaitales 
shows an interesting combina- 
tion. There are primitive 
charactos which indicate con- 
nection with the Cycadofilicales 
and the cycad line, such as tbe 
large pith, the structure and 
mesarch bundles of the leaf, 
the structure of the onde, and 
the swimming sperms. The 
advanced characters are the 
lofty and branching habit, tbe 
thick cylinder of secondary 
wood, the form of the leaves, 
and tbe compound ovulate 
strobilus, all of which are char- 
acters of the Coniferales. It 



Fio. 4S3. — Scctioa of ovulate itrabilui of 

oae (rf the CoidAitalea, ihovizig Ihe large over- FlO. 464. — Pollen graini of me 

lapping bracla. in the asls ol two of which there of the Ccrdaitales, ihowing the group 

appear short branches beating terminal ovules; of internal cells that probably belong 

that to right also sbowa a bractlet. — After to the male gametophyte. — After 

Rkhauli. RwHAUVr. 

seems evident, therefore, that the Cordaitales represent a second great 
branch from the Cycadofilicales stock, a branch which leads towards 
the Coniferales. This branch seems la have separated from the 
Cycadofilicales long before the other branch which ends in the modem 
Cycadales. 
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(5) GmKOOALBS 

GouthI chATBctor. — Ginkgo bUoba, the maidenhair tree, is the only 
living representative of a gymnosperm lioe that reaches back to the 
paleozoic Cordaitales, and was most exten^vcly displayed during the 
Mesozoic. Its extensive cultivation by the Chinese and the Japanese, 
especially in temple grounds, first brought it into notice, and for a long 
time it was supposed that it did not exist in the wild state. In recent 
yeais, however, it has been found growing wild in the mountains of 
western China. 



F». 4<i5- —The leaf of Gikkgf. 

9f>oroiAyte. — Ginkgo is a tree with the general habit of a conifer, 
and therefore very unlike a cycad. As in both Cordaitales and Conif- 
erales, it develops two kinds of branches : long shoots bearing scattered 
foliage leaves, and dwarf shoots bearing a few crowded leaves. 

Vawmlar anatomy. —The anatomy of the stem closely resembles 
that of the Coniferales, with its thick cylinder of secondary wood and 
its relatively small pith, the ktter character contrasting with the large 
pith of Cordaitales. All traces of mesarch bundles have disappeared 
from the stem, and also from the leaves, but they occur in the cotyle- 
dons. It is evident that in vascular anatomy Ginkgo has departed 
farther from the ferns than have the Cordaitales or the cycad line. 
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Leaves. — The leaf is very characteristic in fonn and venation (fig, 
465), the broadly wedge-shaped outline, often more or less lobed, and 
the forited veins resembling somewhat the leaves of maidenhair fem 
and suggesting the common name. The mesophyll has the peculiar 
character (transversely elongated and very loosely arranged cells) 
described under Cordaitales andCycadales (p. 193). 



Fios. 4M, 467. — Stambale Mrobilus of CMrga: 466, the duaten c£ atniblU bonie (B 
dwnif branches; 467, a single strobilus, showiagthe character of the IndiTfciual rt»mw 
(a stalk ending In a knob and bearing two pmdent ipoisngia). 

StroWli. — The strobili are monosporangiate, and the two kinds of 
strobili occur on different trees (dioecious). 

Slaminate. — The staminate strobili occur in loose catkin-like clusters 
bome on the dwarf branches (fig. 466), The sporophyll (stamen) con- 
sists of a stalk ending in a knob, from beneath one side of which two 
(sometimes three to seven) pendent sporangia are bome (fig. 467). This 
type of stamen suggests the epaulet type found among Cycadolilicales 
(seep, r84). The development of the sporan^um isregulariyeusporan- 
giate, as described under Cycadales (p. 194). 
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Ovulate. — The ovulate strobili ate also borne on the dwarf branches 
and are very much reduced (fig. 468). A strobilus consists of a long 
stalk, near the tip of 
which usually twoovules 
are borne, only one of 
which usually matures 
a seed (fig. 469). At 
the base of each ovule 
there is a little cupule or 
collar, which is the rudi- 
ment of the sporophyll 
■ (fig. 470), Sometimes 
there are three or four 
ovules on a strobilus, 
and sometimes the coUar ^ *'^ -j^r^'^l '^"^^ °* fT*^' """" " f"^ 

on dwarf brBiichei, and uch beaimg [wo ovulei. 

becomes leaflike; so it 

is evident that the strobilus is remarkably reduced, usually producing 

only two ovules upon very rudimentary sporophylls. 
Oraks.' — The ovules resemble in general structure those of Cor- 
daitales and the cycad line al- 
ready described (fig, 470), with 
the three-layered integument 
(outer fleshy, stony, and inner 
fleshy layers), the nucellar beak, 
and the pollen chamber ; but the 
set of vascular strands, which in 
the groups referred to traverse 
the outer fleshy layer, are not 
present in Ginkgo, only the inner 
set appearing in the inner fleshy 
layer. 

The megaspore mother cell is 
first observed deep within the 
nucellus, and it becomes invested 
by a distinct zone of glandular 
tissue. This glandular zone is 
Fio. 469— Ovulate unUU rf Ginkgo digestive in function, invading 

the ka bare developed both seeds. tissue of the nucellus. Surround- 
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ing the mother cell, therefore, there are three distinct concentric zones 
of tissue: (i) the invading digestive zone; (a) the invaded and dis- 
organizing zone ; and (3) the storage zone, outside of the disorganizing 
zone, and containing food surplus in the form of starch. After the 
female gametophyte (endosperm) is organized, it in turn invades and 

destroys the digestive zone and all 
the surrounding tissues of the nu- 
cellus. The mother cell forms the 
usual linear tetrad of megaspores, 
only the innermost one enlarging 
and functioning. 

Female gametoph3rte. — The fe- 
male gametoph3rte develops as de- 
scribed for Cycadales (see p. 196), 
with free nuclear division (up to 
256 free nuclei), parietal tissue (fig. 
470, g)f and centripetal growth. 
It is a remarkable fact that this 
female gametophyte becomes green, 
although enclosed within a three- 
layered testa, one layer being thick 

Fio. 470' — Section of ovule of Gwi*^<?, » « 1 j ^.l 

showing thick integument (i). micropyle ^nd fleshy and another compact 
(iff), nuceiiar beak with pollen chamber and stony. The gametoph3rte con- 

(p), coUar (0. and young female ga- ti^UCS its growth Until it destroys 
metophyte (g). — After Coulter and ,, , „ . , , 

Chamberlain. *" ^°® nuceiiar tissues and reaches 

the testa. 

Archegonia. — The archegonia are usually two in number (sometimes 
three), and develop as described for the cycads, including the organiza- 
tion of the archegonial jacket (see p. 197). In cycads a ventral nucleus 
is formed and speedily disorganizes, but in Ginkgo a cell wall is devel- 
oped separating the ventral nucleus from the egg, so that there is a 
ventral canal cell, a feature which persists in some of the conifers. In 
Ginkgo the archegonial chamber is formed as usual, but between the 
two archegonia the endosperm grows into a conspicuous central beak, 
which reduces the archegonial chamber to a circular crevice (fig. 471). 
This peculiar feature appears also in the Cordaitales, but is not known 
in any other group of gymnosperms. 

Male gametophyte. — The male gametophyte develops two vegetative 
cells (the first one lasting only until shedding, the second one persist- 
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ing), a geDentive cell, and a tube nucleus. TUs is the sheddiDg st(^, 
and the subsequent development occurs in the pollen chamber, after 
the pollen tube has begun to develop. In that position the nucleus 
of the generative cell divides, but no wall is formed, the stalk nucleus 
being thrust out to one side of the general cytoplasm, which organizes 
the body cell in connection with the other nucleus. The events that 
follow are exactly as in the cycads: two blepharoplasts appearing in 
the body cell ; the body cell dividing into two sperm mother cells, each 



Fio. 471. — MicToprlar end of fenule gunelophyte of Ginkto, showing the rndwpenn 
bolt developed in tlie oichegoni&l chamber, and the two archegonU ; in the left aiche- 
goDium (he iperm and egg nuclei ue tuiing; in the light ■rcbegonium the eai^ free 
■nideai diTisioo at the embryo is occuiring. 

with one blepharoplast ; and each mother cell developing a spirally 
grooved, multiciliate sperm, which later is discharged. 

Fertilization. — The details of fertilization also resemble those in the 
cycads. The pollen tube is a branching and absorptive (haustonal) 
organ; the pollen chamber and archegonta! chamber become continuous 
by the breaking down of the small amount of intervening tissue; the 
grain end of the tube is thus brought into position favorable for the 
discharge of sperms into- the arcbegonial chamber ; and fertilization is 
accomplished (fig. 471). 

Embryo. — The embryo is peculiar among gymnosperms in the 
absence of a slender, elongated, and tortuous suspensor, but a real sus- 
pensor is present. Free nuclear division (fig. 471) results in the dis- 
tribution of 356 nuclei through the cytoplasm of the egg, and then walls 
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form, filling the egg with tissue (proembryo) more completely and per- 
manently than in any other known gymnospenn (fig. 472). The cells 
of the upper two thirds of this pro- 
embryo remain inactive ; while the cells 
of the lower third (which are much 
smaller) grow actively, forming a broad 
cylinder that invades the endosperm. 
This cylinder is really a massive sus- 
pensor, and at its tip the embryo is 
formed. This embryo, as in cycads, 
has two cotyledons, but sometimes three 
have been observed, and they also remain 
m the seed during germination. 

ConclusionB. — Ginkgo resembles the 

Cordaitales and the cycad line in the 

^■^°- ..,V*' r *^'"!^''. "f structure of its ovules, and in its swim- 

Cinifa, filling the egB ^nth tissue. . t . ' ,., ■ -t 

—After Steasbukoei. m">g sperms ; but It IS hke the comfers 

in the habit of its sporophyte body and 
in its stem structure. Its origin from the Cordaitales seems dear, but 
the primitive reproductive characters which persist also distinguish it 
from Coniferales as a separate line. 

(6) COHTFBRIUS 

Oflneral character. — This is the large group of living gymnosperms, 
comprising approxiaiately 350 recognized species, included in forty 
genera. In contrast with the tropical distribution of the cycads, the 
conifers are characteristic of the north and south temperate zones. 
Two families are recognized : Taxaceae, in general with fleshy seeds and 
freely exposed ovules ; and Pinaceae, in generaVwith dry seeds and ovules 
covered by scales. The Tajtaceac comprise about eleven genera and 
100 species ; while the Pinaceae comprise about twenty-nine genera and 
250 species. The two families differ so much that they must be treated 
separately. 

(a) Tazaceae 

General character. — The Taxaceae comprise two well-marked tribes 
or subfamilies 1 Podocarpineae (the podocarps) and Taxineae (the 
taxads). The podocarps in general are south temperate, Podocarpus 
being the largest genus (about sixty- five species), and as characteristic 
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of tbe southern hemispheie as an the pines of the noithem hemi- 
spbere. The taxads in general an north temperate, Taxus (yew) being 
tbe most widely distributed genus. 

^Kvophyta. — The habit of tbe sporophyte 
body is familiar, in general being the branchiog 
habit established in Ginkgo and common to all 
conifers. In size the body ranges from large 
trees to straggling bushes. Tbe mesarch type 
of bundle, characteristic of ferns, occurs in the 
stem of at least one species (a Cephahtaxus), 
but in most of them it is found only in the 
cdtyledons, as in Ginkgo. The leaves are entire, 
as in all conifers, and range in breadth from 
the needles of Taxus to the broad blades of 
certain species of Fodocarpus. 

Stamlnate strobiltu. — The staminate strobilus 
is always a distinct strobilus, enveloped by 
sterile bracts (as among Cordaitales, fig. 473). 
The sporophylls differ in form in the two tribes. 
Among the podocarps the sporophyll is bract- 
like, with two abaxial sporangia and a sterile 
tip (fig. 474); while among the taxads the spo- 
rophyll is peltate (epaulet type), as in Ginkgo, 
and bears a variable number of pendent spo- 
rangia (figs. 47S, 476). The development of 
tbe microsporangium is as usual among euspo- 
ran^tes. The microspores (pollen grains) of 
tbe podocarps are peculiar in being winged, 
each pollen grain developing two winglike ex- longitudiniU 
tensions from tbe exire, as among the pines. young staminBtc •trobflus 

Orolata strobflus.— The ovulate strobilus is "^ T'^'-'^V *^"!!I5^ ^^a 

, overlapping bracts (6f) and 

much reduced, usually contaimog a smgje ihe poaiti™ of the develop- 
terminal ovule. For example, in Torreya "8 stamens (a). — After 
(neariy related to Taxus) the ovulate strobilus ^""« ""^ ^and. 
resembles a simple ovulate flower, with four bracts (two decussate 
pairs) investing a terminal ovule (fig. 477). 

Ovule. — The integument of the ovule is of the ancient type, develop- 
ing three distinct layers (outer fleshy, stony, and inner fleshy); and a 
set of vascular strands traverses the outer fleshy layer, the inner set 




Fio. 473. — Cross and 
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(belon^Dg to the inner flesh jr laya) 
bong suppressed. This is just the 
reverse of the vascular condition in 
Ginkgo, in which the set of vascular 
FiGs.474-476.— MicrosporephyllsCjta- strands belonging to the outer 
m«u) of T&uceae : 474, Pedatorpui (after fleshy layer is suppressed, and the 




layer is developed. In early stages 
of the ovule the nucleus is entirely 

free from the integument, but as the ovule 

develops largely from beneath, the region 

in which the nucellus and integument are 

free from one another is caiiied to the tip 

of the ovule. A notable change in the 

ovule, as contrasted with the preceding 

groups of gymnospernis, is that there is 

no nucellar beak or pollen chamber (fig. 

477); nor is there developed about the 

megaspore mother cell any special diges- 
tive (glandular) zone of cells, as in 

Ginkgo. The development of the Unear 

tetrad and the selection of the innermost 

megaspore for functioning are as usual. 
Female gametopt^. — The female ga- 

metophyte develops by the usual stages : 

free nuclear division (up to 256 nuclei), 

parietal wall formation, and centripetal 

growth. It is important to note the 

variation in the appearance of the arche- 

gonial initials. In some cases they are 

not differentiated until the gametophyte 

has become quite extensive; that is, they 

appear comparatively late in its history. Pic, 477. — LaigftudiDil kc 

In other cases, however, notably in <*<«* <^ oruUie KrobDui ol Tar- 




as soon as wall formation has filled the urj terminal tmile; upper lectka 
embryo sac with tif^sue (figs. 478, 479). ("« '^^<"'> 'bows tbc two imegu- 

in number from one to eleven, the neck Comria and Iahd. 
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condsting usually of two (fig. 47S) or three cells, but in Podocarpta 
it somedmes becomes a inas^ve structure of about twenty-five cells. 
There is no well-defined aichegonial jacket, and when it is remem- 
bered that there is no special digestive zone about the mother cell, 
it is evident that the nutritive mechanism is not differentiated in 
this group as it is in Ginkgo, or even in the cycads. In the division 
of the nucleus of the ventral cell, which precedes the formation ot 
tbe egg, there is no- separating wall formed, and hence no ventral 
canal cell. The ventral nucleus is its only representative, and in 
Torreya it is doubtful whether even this 
appears. Tbc disappearance of the ven- 
tral canal cell and its nucleus is tbe last 
stage in tbe reduction of the axial row, 
which thereafter is represented only by the 
egg- 

Hala gama t oi Ay tB. — In the development 
of the male gametophyte, the podocaips and 
taxads show a striking contrast. In the f,o. 4,8. — Young ulJ«^■ 

podocaips two to six vegetative (protfaallial) Boaium of Tomya, showing tbe 

cells appear (fig. 480); while in the taxads ^° ""i t*"" ""i «« cB.t™i 

,-,, . ^^*^,7 '' . .. , ceU. — After CodlTm •nd 

no vegetative cells have been discoveied. l^uto. 
The division of the generative (primary 

spermatogenous) cell into the sterile stalk cell and the body cell is 
as described for the preceding groups (fig. 480) ; but a striking change 
appears in the fact that there are no blepharoplasts in the mother 
cell, which means that ciliated (hence swimming) sperms are not 
formed. The nucleus of the body cell divides, and this division may ' 
be accompanied by a separating wall, so that two sperm mother 
cells are formed (taxads); or the nuclear division may not be accom- 
panied by wall formation, so that there are only two mother cell nuclei 
in the general cytoplasm of the body cell (podocarps). In either case 
the division is unequal, so that only one cell or one nucleus functions 
(fig. 479). No sperms are formed, but the mother cell functions directly 
as a sperm, its nucleus being the structure essential in fertilization. It 
has become the habit to call these mother cells that do not form sperms 
internally and discharge them, but function themselves as sperms, 
simply male cells. 

Fertilization. — In pollination (by the wind) the pollen grains come 
to rest on the tip of the nucellus, and in tbe absence of a pollen chamber 
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Fto. 479. — Mature female gametophytc of Torreya, showing the single archegoQium 
OQQtaining a large egg nucleus (0), remnants of the neck canal cell nucleus (nc), and the 
tip of the pollen tube containing tube nucleus (/»), stalk cell nudeiu {stn), and the two 
unequal male cells im\ m*). — After Coultee and Land. 
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there is much oticellar tissue to be traversed bdoie the female gameto- 
pbyte with its arcb^ooia is reached. For the fiist time, the pollea 
tube acts as a canier of the male cells, the 
body cell, which is to divide, entering the 
tube and remaining near its tip as it ad- 
vances through the tip of the nucellus (fig. 
479). The tube may advance directly 
towards the archegonia or it may pursue a 
devious route, in some cases not reaching 
the archegonia until during the second 
season. When an archegonium is reached, 
its neck is broken through and the contents , ^°- <*>■ - "■I" P'n««'pl'yte 

, , . , , „ , ,. , .of Dacrydium (one of the podo- 

of the Up of the pollen tube are discharged ^^^j ^ ,h«idinB »t«e of polkn. 

into the egg (fig. 481). showing four vegetatiTc cells, sulk 

Embryo.— In the development of the "'^ '^y "^ f*'^*^ *>' *^ 

, , ^, c _^r J .u - graerative cell), uid the tube 

embryo from the fertilized e^, there is a nudeia.— After Mi&s Vodmo. 

variable amoimt of free nuclear division, 

from four free nuclei {Torreya, fig. 482) up to thirty-two, in strong 

contrast with the very numerous tree nuclei appearing in the embry- 
ogeny of cycads and of 
Ginkgo. After the free 
nuclei are formed, walls 
appear, and the resulting 
tissue (proembryo) fills the 
e^. In general, there are 
about three tiers of cells in 
the proembryo, the lowest 
(innermost) one usually con- 
sUting of a single cell, so 
that the proembryo has a 
general conical outline (fig. 
483). An elongation of celb 
begins in the upper (outer- 
most) tier (fig. 484), and 
this is continued by the 
middle tier, so that the 
FM. 481.— Fcnilwaiion of rorwjo.- the poDoi terminal ceil, which is to 

tube has discharged its conlenls into (he egg, and 
: male and female nuclei are fusing. — After 



form the embryo, is thrust 



CoDLiEB and Land. out of the archegonium and 
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deep into the endosperm by the rapidly and extensively elongating 
suspensor. In the organization of the embryo two cotyledons appear, 
as in all the preceding groups of gymnospenns. Torrcya is peculiar 
in the irregular growth of its endospenn (female gametophyte), which 




Ros. *it-*iA. — EmbrTO <rf Torreya: 489, the itage tt four free audri; 483, the 
completed proembryo (filling (he egg), the celti spproxinutel; ia three den; 4S4, upper- 
most tier U proembtyo elongating to form siupcoKir. — After CoDLTts and Land. 



encroaches upon the surrounding nucellar tissue in such a jagged way 
as to give the appearance in the seed called rumination, which may 
be seen also in sections of nutmegs. 

Conclusions. — The Taxaceae have not been traced with certainty 
betow the middle of theMesozoic, so that it seems to be a comparadvely 
modem group among gymnospenns. It has made a decided advance 
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beyond the groups previously considered in the loss of swimming 
sperms and the related structures of the ovules, and also in other 
features; nevertheless, it has also retained certain primitive features, 
as, for example, the presence of mesarch bundles in the cotyledons and 
even in the stem. The general relationships of the faniily will be con- 
sidered in connection with the I^naceae. 

(b) Flnacew 

General character. — This family, characterized in general by its 

conelike ovulate strobili and dry seeds, includes the conspicuous 



Fia. 485. — Transvene scclion of a thre«-jear-old twig of Phhu lyAtfilru, showing 
the small pith, the thick and compact vascular cylinder of secondaiy wood, and the 
ccrtex; radiating lias through the wood represent the aorraw pilh rays; resin ducts in 
both wood (small) and cortex (large); to the right is a branch gap in Ihe cylinder. 

gymnosperm vegetation of north temperate regions. Four tribes are 
recognized, as follows: 

Abietmeae (9 genera and about 140 species), including pines, spruces, 
Srs, hemlocks, larches, and cedars, the large genus being Pinus, with 
about 80 species. 
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Taxodineae(8 genem and about 15 species), including the characteris- 
tic American genera Sequoia (redwood) and Taxodium (bald cypress). 



Fux 486. — Traosverae s^ctioD <d a. pine needle, showing the epidermis (in which Mit 
deeply sunken stomata} underlaid by several layers of heavy-walled cells (sderenchyma), 
the meHfjhyll with cbarBctcrislic infolded walls and containiog resin ducts, the distinct 
bundle iheath (endodermis) surrounding the vascular region (stele), and the two paraUek 
vaacuUr bundles (xylem diiected towards the Oat face of the kaf)- 

Cupressitteae (9 genera and about 80 species), including the cypiess, 
arbor vitoe (false cedar), and junipers, the large genus being Juniperus, 
with about 30 species. This tribe is 
peculiar among Coniferales in its opposite 
(cyclic) leaves. 

Araucarineae (a genera and about ao 
species), known as amucarians or arau- 
carian pines, and characteristic of the 
southern hemisphere. 

^>oroph7te. — The general habit of the 

sporophyte body is sufficiently indicated 

by the familiar forms mentioned above 

(also see fig. 955). The vascular cylinder, 

Fnw. 487, 488. — Staminate with its endarch bundles, its thick cylinder 

cone (487; and microsporophylls ^f secondary wood ComiMsed of radi^ly 

(488) of pine (the lattor in Iwo j . l -j .u i -j j -. ■ 

views), showing the two abaiial arranged trachcids with bordered pits, is 
sporangia and the sitiiie tip. Well kuown (fig. 485). So f ar as known. 
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all traces of the mesarch structure have 
disappeared, even from the cotyledons. 
The leaves vary from narrow needles 
(fig. 486) to broad blades and con- 
crescent disks. When the blades are 
broad,* transversely elongated mesophyll 

cells appear. F,o. ^g,. _ Th^ ^jng^ „d ihed- 

Stamlnate Strottflus. — The staminate ding pollen grain of pine, oonUinlnK 

strobilus (fig. 487) is made up of spo- "" ="iy ffe« "f t"^ maU gameto- 

. .. , , ... . phyte— After Codltu and Chau- 

rophylls (stamens) which are exceed- be«laik. 

ingly variable in form. In general, 

the stamen is bractlike, with sterile tip and abaxial sporan^ (as in 

cycads and podocarps), the sporan^a most frequently two in number 

(fig. 488), though sometimes more numerous ; but in the araucarians 



FlO. 49a. — Various views of the ovulifetous scales and ovules of pine: cd Upper tl 
face are home two ovuli^ (mecasporangia) wilh micropylra direaed towards the base 
the icale; die seeds become winged b; tissue developed fiom the scale. 
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the stamen is peltate (as in taxads), and one-^ded peltate (as in Tor- 
reyd). The sporangia are developed as usual, and in the Abietineae the 
pollen grains (microspores) are winged (as in podocarps, fig. 489). 

Onilate strobQas. — The ovulate strobUus of Pinaceae has been the 
subject of much discussion. In the Abietineae the strobilus is made 
up of a series of bracts, in the ajdl of each of which a so-called Mmlif- 
trous scale appears, which usually bears two ovules whose tnicropyles 
are directed towards the base of the scale (fig. 490). In the other tribes 
the bract and ovuliferous sc^e are more or less united. The discussion 



FkM- 49I> 49>- — AicbegoDluoi complex of Tkaja; 491, group of irchegcnjum 
Initials; 491. two maluic archegonia (reached by a pollen tube, Ln vbich the body cell 
has aol yet divided) with a commoa archegooial chamber and a comnun archegaoUl 
(nutritive) jacket. — AAer Land. 

referred to has to do with the nature of the ovuliferous scale, and many 
facts indicate that it represents a fused pairof leaves of a dwarf axillary 
branch. This means that the ovules are borne in the strobilus on axes 
of the second order, as in Cordaitaies, and that the ovulate strobilus of 
Pinaceae is a compound strobilus. ... 

Ovule. — The structure of ihe ovule is as described for Taxaceae, 
except that the outer fleshy layer does not develop, and the seed is dry ; 
that both sets of vascular strands have been eliminated ; and also that 
there is the same elaborate nutritive mechanism that was described 
for Ginkgo. The development of the ovule and the seed is usually 
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a very prolonged process. Probably in no case is the period between ^^^ 
first appearance of the ovule and the shedding of the seed less than two 
growing seasons; and in some cases the seed is not sbed until the third 
season after the ovule appears, pollination taking place during the second 
season. 

Female gametophyte. — The development of the female gam^phyte 
proceeds as in the previous groups, until an exten^ve endospenn is 
formed. At least two distinct regions of the endosperm are always evi- 
dent; namely, a region of smaller 
cells towards the micropyle, in 
which the archegonia develop, and 
a deeper region of larger cells, 
which functions as a nutritive 
region. 

Archegonia. — The archegonia 
range in number from one to sixty, 
the usual numbers among the 
Abietineae being three to five. In 
the Taxodineae and Cupres^neae 
an archegonium complex is organ- 
ized; that is, a group of archegonia 
is invested by a common arche- 
gonial jacket and has a conmion 
archegonial chamber (figs. 491, 
493). The necks of the archegonia ^°- V)i- — Archegonium of Pimu. 

_ , . , • 1.1 • .!_ sbowiDO two aeck cells, the Ccnlrsl cell 

are remaricably vanable m the (,ho5e%.cl.ua i> just Ibout .0 divide to 

number of cells, ran^ng from the form ventral canal and egg nudci), and the 
ordinary two-celled neck to that "^hcgraiial jacket. — After Coultek and 

in Pinus, which consists usually Ceakbeklaw. 
of two tiers with four cells in each tier, but may reach four tiers with 
as many as sixteen cells in each tier. In the Abietineae a definite 
ventral canal cell is formed (fig. 493), but in Taxodineae and Cupres- 
sineae only a ventral nucleus appears (as in Taxaceae); while in Arau- 
carineae the situation is unknown. 

Male gametophyte. — The male gametophyte is quite variable as to 
the number of vegetative (prothallial) cells, but the condition is usually 
constant in each tribe. In Abietineae there are two vegetative cells, 
both of which are ephemera! (figs. 494-500) ; in Taxodineae and Cu- 
presdneae there are no vegetative cells (as in taxads); while in Arau- 
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^ftineae the vegetative cells are ntimerotis (as in podocarps). As in 
Taxaceae, the generative cell divides into stalk and body cdls, and Ibf 
body cell passes into the pollen tube, where either it divides into two 




Pros. 4M-SO0' ^ Male gametophyte o( Pinui: 494, the forming tetrad of ipOMS 
(pollen grains) within the molhir cell; 495, young pollen grains (otniing wings; 496, > 
single mature pollen graio; 497. &rsl vegetative cell cut oS; 498. second vegetative cell 
cut off (Gist one disorganising); 499. division to generative cell and tube ouclcus (bolb 
vegetative cells disorganiied) (shedding stage); 500, growth of the pollen tube, into which 
the lube nucleus has descended; division of generative cell into stalk (upper) and body 
cells. — After CoULTEkand Chambeblain, 

cells (male cells), or its nucleus divides into two nuclei (male nucla). 
The male cells in Abietineae are generally unequal, a condition appar- 
ently connected with ihe fact that only one functions; but inTaxodineae 
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and Cupresaneae the male cells are equal, since both may function by 
the tube entering the chamber of an archegonium complex. The tip of 
the pollen tube, just before fertilization, contains the two male cells and 
also (usually in advance of them) the stalk and tube nuclei (fig. 501). 

Fertilizatioii. — The general features of fertilization are as described 
for the Taxaceae, the pollen tube acting as a carrier of the male cells 
to the archegonia, in addition to its old 
function as an haustorium. 

Embiyo. — In the development of the 
embryo (figs. 503-509), free nuclear divi- 
sion occurs until four to sixteen nuclei are 
formed, and sooner or later become placed 
at the bottom of tbe egg. With the next 
nuclear division walls appear, and division 
of cells continues until three or four tiers 
of cells are formed, the tiere containing 
approximately the same number of cells. 
This proembryo, therefore, by no means 
fills the cavity of the egg, as in the pre- 
ceding groups of gymnosperms, the greater 
bulk of the egg being a large reservoir of 
surplus food material. 

The proembryo of Piniu may be used 
to illustrale the general structure of the Fio. 501. — Tip of pollen lube 
, .... ,. ,.™. <rf Pi»ia, jut before fertiliia- 

proembryo and the functions of its different ,ioa, containing the t-o m.le cell. 
regions (figs. 502-509). This proembryo (n). stalk and tube nuclei <n), 
is made up of four tiers of cells, with four "^''tunduit warch grain* {.). 

„.,,_, . — After CouLTEK. 

cells in each tier. The uppermost tier 

counts of four cells, open (without walls) towards the food reservoir of 

the egg. The next tier, which is the part of the proembryo that 

remains within the egg, constitutes the so-called rosette. The third 

tier of four cells forms the suspensor, each cell elongating enormously, 

so that the four-celled suspensor becomes a long and tortuous filament. 

At the tip of the suspensor, thrust by its elongation deep into the 

endosperm, is the lowest lier of four cells, which forms the embryo 

(figs. 509, 510). All four of these cells may form one embryo, or each 

of the four cells may form a separate embryo. In any event, although 

several eggs may begin lo form embryos, one embryo soon dominates 

and the others disappear. 



Fios. 503-509. — DerelopuKBt of embryo td Fitmt: 50*, fusloa of m»le and female 
nuclei io the Urge egg; 503, four free nuclei (one in background) derived from tusion 
oucleusi 504, the four nurlei (two visible) sX base of egg and dividing; 505, eight- 
nucleate stage (four nuclei vi'lble); 506, the same a little further advanced; 507, next 
division, reaulting in twelve cells in three tiers; 50S, completed proemluyo (four tien of 
cells, uppermost open towards the general C3rtoplasm of the egg); 509, beginning of ius- 
pcnsot-formation (i), leaving within the egg the rosette cells (r), and thrusting out of It 
the four tip cells, which will form the einbryo. — After Covata, and Cganw—mM. 
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The cotyledons are not steadUy two in number, as in the preceding 
groups of gymnosperms, but vary from two (mostly so in Cupressineae 
and Araucarineae) to as many as fifteen (in the Abietineae). It is be- 
cause tbe pines and their allies are the most familiar gymnosperms that 
gymnosperms are commonly described as pcAycoiyledonoiK ; but it 
should be remembered that the occurrence of more 
than two cotyledons is a feature of only two tribes 
of Coniferales (Abietineae and Taxodineae), and 
that two cotyledons occur in some of the members 
even of these tribes. * 

Conchuions. — It seems most reasonable to 
conclude that the Coniferales have been derived 
from the paleozoic Cordaitales, which also gave 
rise to the Ginkgoales. The Coniferales, however, 
have retained fewer primitive characters than the 
Ginkgoales, and are especially noteworthy in 
having lost the swimming sperms. 

In comparing the six tribes of Coniferales, the 
testimony as to their relationships is very con- 
fusing. The testimony obtained from the geo- 
logical record is necessarily incomplete, but so far 
as it is available the relative ages of the tribes are 
as follows: The Abieuneae have been traced to 
the Paleozoic, and in all probability are the oldest 
of the Coniferales. The Araucarineae have been 
traced through the Mesozoic, in which period they, 
were very abundant; and in all probability they p^ — Embryo 
are but little younger than the Abietineae. The U Phuii, showing 
Taxodineae and Cupressineae are recognizable in ("I'o™) *"" <»ii> <^ '*« 
the Lower Mesozoic; while the Taxaceae (Podo- ,uipjn»or and sn early 
carpineae and Taxlneae) are not known below the Ma«e of ihe tenninkl 
middle Mesozoic. It may be that this sequence "nbiyo. — After Coni, 
indicates the actual sequence of the tribes, but it is ' 
hard to reconcile it with the morphological characters detailed above. 
In any event, the fact that Coniferales as a whole have developed from 
the Cordaitales seems to be sufficiently clear, and is all that need con- 
cern the elementary student of the group. It should be remembered that 
origin from Cordaitales means also a connection through them with the 
ferns, and therefore that all gymnosperms have descended from ferns. 
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(7) Grbtalbs. 

General chancier. — This group comprises three very distinct genera: 

Ephedra, with about fifty species distributed throughout the arid regions 

of theMeditcrranean basin and adjacent Asia, and also in the arid regions 







Fir.s. 511-516. — Eptitdra: 
bearing statninatc strobUi; 51J 
aiDs of bracb; 514, ovulate s 
bracts of the ovulate sttobBus. - 



511, brnnchei bcarini; cmiTate strobili; 511, bnmdwt 
slaminatc siiobilus. showing staminate "flowers" <n 
robiliu; 515, aji ovulalo "flower"; 516, decuualing 
■ After Watson. 



of western North America and South America; Tumboa (often called 
WdvHlsdiia), represented by a single sjjecies in the arid districts of 
western South Africa ; and Gnelum, with about lifteen species distrib- 
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uted througbout the tropics of both hemispheres. Gnetales h&ve always 
attracted attention from the fact that in certain characters they resemble 
angiospeims more nearly than do the other gymnosperms. 



Fm. 517. — TumlMa, ihowing the heavy conical bodf aad Iht iwo-lobed cromi bear- 
ing Iwo broad porollcl-veiiKd leaves (in (lie photogiaph split into ihreds) and strobilus- 
bcuing branches. 

^torophyte. — The species of E^iedra are strag^ng shrubs, with 
long- jointed and fluted green stems, and scalelike oppodte leaves form- 
ing at each joint a two-toothed sheath 
(figs. 511, 513, 975). Tumboa has a 
huge, woody, tumip-shaped body, 
whose crown bears a single pair of 
elongated, strap-shaped, parallel-veined, 
and persistent leaves {fig. 517). The 
species of Gnelum are small trees or 
woody twiners with leathery, net- 
veined, opposite leaves, resembling 
those of dicotyledons (fig. $33). It 
will be observed that a constant char- 
acter of the group is the cyclic (op- 
posite) leaves, a feature found among 
Coniferales only in the Cuprcssineae. 

Vascuiar anatomy. — It is in their 
vascular anatomy that the Gnetales 
show a striking angiospcrm character. The seci)n(lary wood does not 
consist exclusively of tracheids with bordered pits, as in the other gym- 




Fms. 518, 519. — Ovulate (s 18) and 
(519) slrobili of Tumhoa. 
ter Le Mmout and De- 
iq, after HOOKCB. 
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nosperm groups, but In addition to these gynmospenn trachdds then 

aie also true vessels of the angiosperm type. 

StunlnatB Btrofaili.— Thestatni* 
nate stiobiU are made up of purs 
of decussate bracts, which are im- 
bricate in Ephedra (fig. 513} and 
Tumboa (fig. 519), and connate in 
Gnetum (fig, 523). In the arils 
of these bracts are the so-called 
staminate flowers. In Ephedra 
and Gnetum a staminate flower 
Fia.sN.— r«HiM.-stamliu>ta*floiKr" con^ts of an aris bearing at its 

(with bracts removed), showing the six tri- (Jp two OT more sporangia (figS. 

sr;:r,z,:::5tsi^'£ s.^. s.4), «d -u.,^ >^ b, 

tube. — Adapted Erom Hookzb. two or four bracts, which are free 

orcoalescentinatube. la Tumboa 
the structure is very different and quite remarkable. Wthin the in- 
vesting bracts there is a whorl of sin united (monaddphous) slamens, 
each of whose free tips beais three sporangia; 
and within the cycle of stamens there is a cen- 
tral (terminal) sterile ovule, whose remarkably 
long micropylar tube is spirally coiled and 
broadly flaring at the dp (fig. 520). Tliis re- 
markable structure indicates that the ancestors 
of Tumboa had flowers that contained function- 
ing stamens and ovules, and that in the case of 
Tumboa staminate and ovulate floweis arose by 
the di5app>earance of ovules in certain flowers, 
and of stamens in others. No such close 
association of stamens and ovules is known 
among gymnosperms, except in Bennettitales, 
where they occur in the same strobilus. 

In attempting to interpret the staminate Fio. 5*1. — Tttmi«a: 
strobilus of the Gnetales, it is evident that the o™""* "flower." ihowing 

, , the enveloping and winged 

nucrosporangia are bome upon secondary axes bracts, the two integuments 

(which are the so-called flowers), and therefore (the inner forming the kmg 

the strobilus is compound. In Cordaitales and mi^iopyl"' '«**). and the 

,, — .,,, , nuceUus contaimngtbeem- 

m certain of the Coniferales there are compound bryo bc — Adi^ted from 

ovulate strobili, but only io Gnetales do com- SiKASBtnan. 
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pound sUminate strobili occur. The bracllets of this secondary axis, 
which invest the stamens, were interpreted as representing the perianth 
of a flower, and the presence of a perianth was regarded as another 
striking an^osperm character of Gnetales ; but if these bracts represent 
a perianth, those in the compound ovulate strobilus of Cordaitales also 
represent a perianth, as well as all bractlets on secondary axes of 
stTC^nli. To extrad the term perianth to include these vague conditions 



Figs. 59>-5i4. — Gntlttm laii/alium: 531, branch bcuing stamtaate itrobili and tha 
duraderiitic leaves; 513. pan of staminale strobilus, showing lh« "connate" bracts, 
and in their axils numerous staminMe "Otnnii"; 514, > angle naioinate "flower." — 
After Bldhb. 

b to make it difficult to define, and perhaps is to mislead as to the 
origin of the perianth of angio^perms. 

Ovulate strobilus. — The ovulate strobili have the same general 
structure as the staminate, the so^alled ovulate flowers arising in 
the axils of the bracts (figs. 514, 518, 526, 537). There is the 
same perianth structure observed in the staminate flowers, and in 
Tumboa there is said to appear outside of the ovule the rudiments 
of a stamen set 
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Fios. 5 9 5, 5*& — CwhiM iil^D/fttM ; 
bcadagoTvUteitn>biU; 5*6, put of ovulate rtnibtlu) 
— After Blumk. 



of swlmnung sperms. In Ephedra 
a remarkable funnel-sbaped pollen 
chamber is developed by the bieak- 
iDg down of the nucellar tissue (6g. 
538), which extends to the embryo 
sac and exposes the necks of the 
arcbegonia; hence in pollination 
the pollen grains may come to rest 
in contact with the archegonium 
necks. In Gndum the tip of the 
nucellus is more or less disorgim- 
ized, and this is the only trace of 
a pollen chamber (fig. 530) i while 
in Tumboa theie is not even a 
trace. 

Female gametophjrte. — The struc- 
ture of the female gametbpbyte in 
Gnetalcs is of great interest, for 
there is an evident approach to- 
wards the angiosperm condition. 



Ovute. — The ovule has 
two integuments, the inner 
one forming a long tubular 
micropyle, which is a 
marked feature of the 
group (figs. 521, 538, 530). 
The nucellus has the usual 
gymnosperm feature of a 
heavy mass of sterile tissue 
overlying the megaspore 
mother cell (and later the 
embryo sac). In all the 
preceding groups of gymno- 
sperms, except Coniferales, 
this overlying tissue is 
beaked and contains a 
pollen chamber, a structure 
associated with the pieseiKe 
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'' Pio. 519. — Ai-ctaegonia of Ephedra, ibowlng 

Ihdr eloogUed form uid msuive necks. — After 
SZS Ijuid. 

no. 5t8. — Diagrammatic KCtloo cf «nil« of Efludra, tbowUxg outer integumeDt 
(«■), inner inleRument (li) lorming the long micropylar tube, the remarkable pollen- 
duunber (pc), and the elongated female gametophTle (wilhio the embr^^' '^) ^'^ 
t<ro loiig«ecked aichegonia. — After Iahd. 
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The three genera differ widely in this regard, and therdore must be 
considered separately. 

Ephedra. — The female gametophyte is developed as in other gynina- 
sperms, with free nuclear division (up to 256 nuclei), parietal wall 
fonnation, centripetal growth, and differentiation of the endosperm into 
distinct micropylar and antipodal 
regions. In this case, however, the 
antipodal tissue (nutritive) is lela- 
lively small-celled and compact, and 
the micropylar tissue is more loosely 
organized and has thinner walls. In 
this loose micropylar tissue usually 
two archegonia are formed, their 
very long, many-tiered necks extend- 
ing to the pdlen chamber described 




530 531 

^Vit. 530, 531. — Cnrttat Cneman: 530, dlagr^mnutk Bcctkn of o¥ule, ibtnrnig the 
two integumeDta (inner oae fonniog the mlcropjrlBr tube), duccUus wllh disorganized tip, 
>nd deep-placed embrfO sac, benulh which is a mass of feeding (glandular) tissue; 
531, enlarged view of same embryo sac (ready for fertilization), fn which the (emale 
gametophyte consists of free nuclei (each a potential egg), and below which is the mas* 
of feedinK tissue. — After Codlies. 

above (fi^ S'^) 5'9)- I>* ^''^^ organization of the egg, a ventral nucleus 
is cut off, and not a ventral cell. 

Tumboa. — The female gametophyte is developed as in Ephedra as 
far as wall formation ; but in the differentiation of the endosperm into 
two regions (one fourth micropylar and three fourths antipodal) there 
is very incomplete wall formation. As a consequence, the cells of the 



SPERMATOPHVraS 235 

sntipoda] re^on are multinudeate, and those of the micropylar re^on 
become so (two to five-nucleate). Since there is no uninucleate celt in 
the micropylar tissue, there is no aichegonium initial, and hence no 
archegonium. Instead, several of the multinucleate cells develop what 
have been called prolkallial tubes, which penetrate the overlying 
nucellar tissue, and into them the nucld pass, each nucleus being a 
potential e^ nucleus. It is at this point that the archegonium dis- 
appears; which seems to be associated with the fact that the egg 
nucld are differen- 
tiated before wall 
formation in the en- 
dosperm has been 
completed. 

Gnettim. — In this 
genus there k free 
nuclear division as 
before, but wall for- 
madon does not oc- 
cur, so that the em- 
bryo sac at the time 
of fertilization con- 
tains only free nuclei 
{fig. 531), and each nudd (below), suik 

one of these free '""^"" (■!"«) : S3; 

begtnaing of pollen tube), showing ia tbe tube the male cells 
nuclei is a potential („,), «,lk hudem (1). and mbe nucleus ((). — After Laxd. 
egg nucleus. This 

is the general angiosperm condition. Below the antipodal end of the 
sac a remarkable nutritive (glandular) tissue is developed. 

Hale (ametophyte. — The male gametophyte of Gnetales is known 
only in Ephedra. In its . shedding condition the pollen grain of 
Ephedra contains two peisistent vegetative cells, and conspicuous 
stalk, body, and tube nuclei (fig. 532). In this condition the pollen 
grain rests on the exposed archegonium necks, and before the pollen 
tube is formed the body nucleus divides into two equal male nuclei 

(fig- 533)- 

Fertilization. — The phenomena of fertilization vary with the struc- 
ture of the female gametophyte. In Ephedra tbe pollen tube breaks 
through the long and massive neck of the archegonium (fig. 529); in 
Tumboa it comes into contact with the prothallial tubes that are pene- 
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trating tbe overiying nucellar tissue ; while in Giutum it enteis the 
embryo sac and encounters the free egg nuclei (fig. 531). 

EmbiTo. — The development of the embryo of Gnetales shows a 
remarkable modification of the usual gymno^>erm method, and varies 
in accordance with the structure 
of tlie gametophyte in each genus. 
Id all cases tbe embryo has two 
cotyledons. 

Ephedra. — In Ephedra there 
is free nuclear diviston within 
the egg until eight free nuclei 
appear, and then these nudd 
enter into the organization of 
eight free cells (the proembryonal 
celb, fig. 534). Two or more of 
these independent proembryonal 
cells may function as follows : 
the nucleus divides ; tbe cdl 
develops a prolongation like a 
pollen tube (fig. 535), which 
penetrates the surrounding endo- 
spenn, and into its tip one of tbe 
nudd passes. Later the tip of 
this tube, containing tbe nucleus, 
is cut off by a wall (fig. 536), and 
from this cell the embryo is de- 
vdoped (fig. 537). 
Tumboa. — In TutMboa the 

I^. S3<--Emh^<rf£fW™.- three o£ f^^^ ^^^i^ (^jf,;^ (Ij^ 
Ibe eight free proembryon«I Cells. — After , . , \, 

l^ijfo, thalltal tube) is used m tbe for- 

mation of a free and independent 
cell, which then behaves as do the independent proembryonal cells of 
Ephedra. It should be noted that in this case the stage of free nudear 
di\'ision in embryo formation has disappeared, and the first division of 
the fertilized egg is accompanied by wall formation, which is an 
angiosperm condition. 

Gnttum. — In Gnetum the fertilized e^s in the micropylar chamber 
of the embryo sac behave as in the case of Tumboa, and as do the proem- 
bryonal cells of Ephedra, the tubular prolongation penetrating the endo- 
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Spam tissue, which finally replaces the nuceDar tissue. In both Tumboa 
and Gnttum, therefoTe, the general behavior of the an^pospenn egg has 
been reached. 

C<mcltisioiia. — It b eTident that Gnetales show remarkable an^o- 
qteim tendencies, which may be summed up as follows : true vessels in 



937 S36 

FtCS. 535-537. — Embryo <rf Ephedra: 53;, one ct the procmbryona! cells whose 
nudeus has divided and which has begun to [orm a lubulor elongation; 536, both 
nudd ID the tububr elongatjon and a wall formed between them, one cell (1) elongat- 
iug to form the suspensor. the other (c) to (orm the embiTo; 537, embiro beginning 10 
form at the end of the itupensor. — ^ter LA^n}. 

the secondary wood ; the final elimination of archegonia and the organiza- 
tion of independent eggs ; and an embryogeny in which free nuclear divi- 
saon in the fcrdlized egg has disappeared. The elimination of arche- 
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gonia seems to be associated with the tendency to differentiate the egg 
nucleus earlier and earlier in the history of the gametophyte, and when 
this differentiation occurs before wall formation, archegonia are no 
longer possible. The compound strobili of GnetaJes also, both staminate 
and ovulate, with their more or less differentiated bractlets investing 
the stamens and ovules, suggest the inflorescence of certain angiosperms. 
There is no sure record of Gnetales as fossils, and therefore all the 
evidence available indicates that they are relatively modem among 
gymnosperms. Ephedra is evidently related to the Coniferales; and 
Tumboa and Gnctum are just as evidendy related to Ephedra; so that it 
is altogether probable that the Gnetales represent a somewhat modem 
offshoot from the Coniferales. 

B. ANGIOSPERMS 

General character. — The angiosperms represent the culmination of 
the plant kingdom, and are plants not only of the highest rank, but also 
of the greatest importance to man. Pjobably they constitute also 
the greatest group of plants in the number of species, which is approxi- 
mately 125,000. When this vast assemblage of species is contrasted 
with the 450 living gymnosperms and the 4000 living pteridophytes, 
it is evident that the angiosperms form by far the largest part of our 
vascular vegetation. It is also the most modem vascular group, being 
absolutely unknown in the Paleozoic, and not very abundant until late 
in the Mesozoic. The conspicuous superficial character of the group, 
as contrasted with gymnosperms, is implied in th^ name, the ovule 
being enclosed by the ^ar^ (megasporophyll), so that the pollen grain 
does not reach the ovule, but re^ts on the surface of the carpel. 

The great groups. — The two primary divisions of angiosperms are 
the Dicotyledons and the Monocotyledons^ and the four prominent char- 
acters used in distinguishing them are as follows: (i) the embryo of a 
monocotyledon has a single terminal cotyledon and a laterally developed 
stem tip; while the embryo of a dicotyledon has a terminal stem tip 
and laterally developed cotyledons (usually two); (3) in the stem of a 
monocotyledon the vascular bundles are scattered; while in a dicoty- 
ledon they are arranged so as to form a vascular cylinder enclosing a 
pith; (3) the leaves of monocotyledons ha\e a closed venation, that is, 
veinlets do not end freely in the margin, which is therefore endre ; 
while the leaves of dicotyledons have an open venadon, veinlets ending 
freely in the margin, which is often variously toothed or lobed; (4) the 
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flowers of monocotyledons have their members in sets of three; while 
the flowers of dicotyledons have their members in sets of Ave or four. 

These characters are by no means of equal value, the character of the 
embryo being the only one without serious exception. There are mono- 
cotyledons with vascular cylinders, with open venation, and with flowers 
not in threes ; and there are dicotyledons with scattered vascular bundles, 
with closed venation, and with flowers in threes. It is not so much a 
single character, therefore, that distinguishes a monocotyledon from a 
dicotyledon, as a combination of characters. 

There are recognized also two great divisions of dicotyledons, the 
ArchidUamydeae and the Sympetalae^ and the conspicuous character 
which distinguishes them is implied in their names. The Archi- 
chlamydeae have either no petals or petals entirely separate from one 
another (free), and this is recognized as the primitive condition of the 
perianth (Mamys); while in the Sympetalae the petals develop so as 
to form tubes of various kinds. This distinction is superficial and 
breaks down in certain cases, but it holds generally and is convenient. 

These three great groups of angiosperms are related to one another 
as follows: the Archichlamydeae are recognized as including the most 
primitive angiosperms; from the more primitive Archichlamydeae 
the monocotyledons probably have arisen as a special branch; while 
from the more advanced Archichlamydeae the Sympetalae have arisen 
and are clearly the highest group of angiosperms. It will be necessary 
to keep in mind these three groups and their relationships in order to 
understand the following discussion. 

Stbm 

A description of the general structure of a vascular stem has been 
deferred to angiosperms, whose stem may be taken as an illustration 
of the general features of all vascular stems. 

Elongation. — The tip of the stem is the gxavring pointy consisting 
of a group of very actively dividing (meristematic) cells. Among 
pteridophytes this group of meristematic cells is usually represented 
by a single apical cell. All the tissues of the stem are derived from the 
cells of the growing point, whose activity very soon results in the 
appearance of three more or less distinct generative regions : (i) der- 
matogen, which later forms the epidermis; (2) periblem^ which later 
forms the cortex; and (3) fderome, a central cylinder which forms the 
stde, in which the vascular elements appear (fig. 538). 
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Efddermie. — The dermatogen passes into the qiidermis, which is 
usually a single layer of protective cells closely interiocked and with 
relatively impervious walls, but 
pierced by stomata. In case the 
stem increases in diameter, as in 
dicotyledonous trees, the epidermis 
is usually ruptured and destroyed, 
and another protective layer is 
developed by the cortex, as de- 
scribed below. 

Cortex. — The periblem pro- 
duces the cortex (figs. S39. S4i). 
Pio.S38.-Sttmttpofmf^«ri,{.di- „hich is a hoUow cyUnder of 
cotyledon), showing dermaloecD (outennost ,. , „ , , ... 

layer), p<;tibl™ (the five byer, beneath ^l^nK Cclls. It IS exceedin^y 
the dermatogen), and the plerome (central Variable in Structure, but iS char- 
region o( more dongated cdb). - After acterized by containing chloro- 
DeBakv. . „ . , , 

phyll tissue abutting against the 

epidermis; and if it is thick enough, there is also a deeper region of 
the cortex free from chlorophyll. The layer of cortical cells abutting 
against the stele often forms a very distinct bounding layer, like an 
inner epidermis, and is called the mdodermis (fig. 379). In the cortex, 
strands of fibrous cells may be de- 
veloped, and cavities or canals of 
various kinds may occur. 

In case the stem increases in 
diam.eter, the cortex develops a 
meristematic layer known as the 
fit^logen or cork cambium (fig. 
539)1 which forms cork c^s, a very 
impervious kind of cell (see p. 318). 
Continuous activity of the phellogen 
within results in an increasing thick- 
ness of the sheet of cork cells with- 
out, and such sheets fcrm a most 
efficient protection. The chloro- 
phyll tissue beneath the cork cells porti 
maintains connection with the air "'* '^^ cambii 




Flo. 539. ■ — ^Transverse section at outer 



Cor a time through special structures, t^ncafh 

called /cn((Ce/j (fig. 540), interrupting containing celli of tl 



01 phellogen (e) rutting 

cells (four such layers 

■e chlorophyll- 



SPERMATOPHYTES 341 

the cork. The phellogen layer may be developed at various depths 
in the cortex, and all the cortical cells outside the cork die, being cut 
off from the supplies within. 

Stele. — The plerome cylinder behind the growing point passes 
below into the stele containing the vascular elements. The outermost 
layer of stelar cells, abutting against the endodennis, is called the 
pmcycle. The first xylem elements to appear are small in caliber, 
and of the spirai Idnd (fig. 543), a kind especially adapted to a region 
of rapid elongation. These groups of spiral vessels are called the 
protox^em (fig. 541), and the later vascular elements form the meta- 
xylem (fig. 541). Id case there is a cambium, a secondary icylem is 



Fn. 540. — Sectioa of Ibe Icoliccl at dder. — After SnASBiraflsx. 

formed. In neither metaxylem nor secondary zylem do vessels of 
the spiral kind usually occur, but vessels of larger caliber (fig. 541}, 
notably the pitted vessels or dolled ducts so called on account of the thin 
spots left in a generally thickened wall (fig. 544)- In gymnospenns 
(except Gnetales) there are no true vessels (tracheae), but trackeids 
(single cells tapering at each end) with thin spots in the wall, so char- 
acteristic in appearance as to be called bordered pits (fig. 547). In 
pterid«)phytes, this same kind of xylem element is represented by 
tiacheids with transversely elongated pits, known as scalarifoTm (ladder- 
like) vessels (fig. 548). 

In forming tracheids or tracheae, the protoplasts of the living cells 
gradually disappear as the characteristic thickening of the wall is formed, 
so that the completed vessels are dead cells. Tracheids are dngle cells 
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thus formed; while tracheae (true vessels) are devdoped by a fu^on of 
cells end to end, so that a continuous tube of considerable length may be 
formed, A system of tracheae always ends in tracbeids, which are 
therefore at least the end cells of any vascular system. 



Fio. 541. — Transveise section ol vasaHar rjUndtr ot a joung ^o±fMoo (SieAna)t 
the regions, beginning outside, are epidermis (single layer oF cells); corlei (s zone cf 
several lafers), including ui almost continuous band of fibrous cells (beav7 walls); a ame 
of severU layers (the outrr ones beinf; phloem, the inner cambium) ; the 2one cl xylem 
each nrand being proto^lem. 

The characterisdc element of the phloem is the sieve vessd (fig. 545)1 
so named because in the wall there occur definite areas full of perforations 
known as sieve f^tes (fig. 546). These vessels also arise by cell fusion, 
as do the tracheae. 

The vascular system. — The vascular system of dicotyledons and of 
monocotyledons is so diSerent that the two groups must be con^dered 
separately. 
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Dicotyledons. — The vascular system of dicotj^edons is by qo means 
uniform, nor should it be expected in so Uige a group, but its general 
features can be indicated. 

In the mature stem the vascular system con^ts of a hollow cylinder 
composed of vascular bundles and inclosing the pith (a ^phonostele) 
(figs. 541, 549]. Traversing the vascular cylinder from the pitb to the 
corte.T, and hence separating the bundles, are the pith rays. The 
bundles are collateral endarcb, and also open; that is, there is a cambium 
bet^'een the xylem and phloem strands which forms secondary xylem 




542 M4 

FlOS. s<i-546. — Vascular elements ol »» angioaperm: 541, spiral vcuela (of proto- 
XjUai); 543, spiral and annular vessels; 544, dotted duct (characteriitic of metazjlem 
and secondaiy lylem); 54J, sieve vessel (of phloem) with companion cell; 546, sien 
plate, with secti<»i of companion cell. — 541, 543, after Bohhiek and Sablon; 544, after 
DeBasv; 545, 546, after Stbasbosobk. 

and phloem. The secondary wood (xylem) differs from that of the 
gymnosperms in containing true vessels (tracheae) instead of tracheids, 
and most characteristic among these vessels are the dotted ducts {fig. 
544). Thf phloem also differs from that of the gymnosperms in that 
the sieve vessels have companion cells (figs. 545, 546). No trace of 
mesarch structure is seen, even in the cotyledons, which seems to indi- 
cate that the angiospeims are further removed from the fems than are 
the gymnosperms. 

The only primitive suggestion that remains in the vascular system 
of the stem is the presence of leaf gaps in the vascular cylinder, connected 
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with the insertion of the leaf trkces. It will be remembered that the 
presence of leaf gaps is a feature of the ferns, in contrast with the other 
groups of pteridopbytes; and their appearance in the dicotyledons is 
taken to be one indication that this group is connected with ferns, either 
through gymnosperms or directly. In tracing the development of 
the vascular system in a seedling dicotyledon, it is interesting to note that 
the stem cylinder 
often be^ns as a 
protostele, and more 
or less rapidly be- 
comes a siphonostele. 
Monocotyledons. — 
The monocotyledons 
were once thought to 
be the primitive 
angiosperms, but the 
studyof their vascular 
anatomy has been 
chiefly instrumental 
in suggesting the 
j^ j^j probability that they 

are derived from 
dicotyledons. The 
evidence is obtained 
from a study of the 
development of the 
vascular system from 
the earliest stages of 
Fios.s47,54S.— Tracheidi; 54;,thc8e(rf gymnosperms, the seedling to the 
with bordered pits <a/lrr Chahbeilaih); s48, Ihe scalori- ^^jji[ sXtm. A trans- 
tgcm mcheids of (ems (after DeBakv). , 

verse section of an 

adult stem usually shows " scattered " vascular bundles (fig. 550), quite 
unlike the arrangement into a hollow vascular cylinder characteristic 
of the dicotyledons. In studying the development of this stem, how- 
ever, four stages are often recognized. In the earliest stage the cylinder 
may he a protosleic; and this passes more or less quickly into the second 
■stage, that of the siphonostele, in which the cylinder is just that of a 
dicotyledon, with its collateral bundles. This means that an embryonic 
stage of a monocotyledon is the permanent, adult condition of a dlcoty- 
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ledon. In sorae monocotyledons 
this stage persists, and in these 
cases the adult stems resemble 
those of dicotyledons. 

Id the third stage of development 
the collateral bundles gradually 1 

become transformed into amphi- ' 

vasal bundles; that is, bundles in 
which the xylem surrounds the 
phloetn (fig. 551). This trans- 
formation is very evident, the 
lylem of the collateral bundle 

gradually extending about the F10.S49. — TraniYeraesectionotatemcl 
phloem until finaUy it surrounds it <if'«7"«^n (boi elder), .bowing Ta«;uUr 
completely. AU the mtermediate ring, ol lylem formed bj the cunbium. 
stages in this extension of the xylem 

about the phloem may be found. The, amphivasal bundle Is charac- 
teristic of the mature stems- of monocotyledons. In the seedlings, the 
leaves, and Soral axes, the bundles are collateral (the dicotyledon type); 
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so that it seems evident that the amphivasal (monocotyledon) type of 
bundle is more recent than the collateral (dicotyledon) type. 

While the transformation of collateral to amphivasal bundles is pro- 
gressing, the bundles of the cylinder become more and more disso- 
ciated; some bundles enter the pith region, the definite outline of a 
hollow cylinder is broken up, and a transverse section of the stem shows 




Fxo. 551. — Transverse section of amphivasal bundle of Acorus (a monocotyledon), 
showing the zylem completely surrounding the phloem. 



vascular bundles scattered through the stele (fig. 550). This develop- 
ment of pith (medullary) bundles and the disorganization of the cylinder 
is the fourth stage. 

Of course there are monocotyledons which do not pass through all 
these stages, stopping at the second (when they are like dicotyledons), 
or at the third (when the cylinder is retained but the bundles are amphi- 
vasal). There are also dicotyledons in which medullary bundles de- 
velop and the cylinder is broken up (as in Castalia, PodophyUum^ cer- 
tain species of Ranunculus^ etc.), and even some in which amphivasal 
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bundles are formed (as in Rhtiim). It is interesting to note tliat these 
dicotyledons with broken-up cyUnders belong in the region of the Archi- 
chlamydeoe from which the monocotyledons ore believed to have 



Root 

The Btnictute of roots is relatively uniform throughout vascular 
plants, ao that a general description may apply to all groups. 

Ekxicatlon. — The growing point of the root is not at the surface of 
its tip, but just t:>eneath, be* 
ing covered by a tissue of 
protective cells called the 
root cap (fig. 55a). As a con- 
sequence, the group of meri- 
stemadc cells within the root 
tip forms four generative 
le^ons: (i) dermatogen, (3) 
peiiblem, and (3) plerome, 
as in the stem; to these ia 
added (4) alyptrogm which 
forms the root c^, the lat- 
ter renewed from beneath as 
it wears off outside (fig, 551). 

Root hain. — Behind the 
root cap the root hairs ap- 
pear, which are produced by 
the epidennal cells, and are 
really enormous extensions 
of the surface of epidermal 
cells (figs. 5S3, SS4)- Root 
hairs are relatively short 
lived, but new ones are 
formed constantly as the 
root elongates. 

The vascular system. — 
The vascular anatomy of t - 

the root is of the same general ^^- 5S»- - Longitudin J Kctioii of root tip of 

, , , apiderwort (Tradticanlia), shoving root cap (eji 

type throughout vascular d™ai<«™ W.pcriblem (A «nd plerome (/O-- 
plants. The vascularcylinder After ConLxut. 



948 MORPHOLOGY 

is of the most primitive type, being solid (with x]4em at the center) and 
exarch. However, it is not concentric, the xylem devdoping towards the 
center from two or more protoxylem points near the periphery of the 
stele, and between these radiadng strands of xylem separate phloem 
strands occur (fig. 555). This arrangement of phloem and xylem, in 
which they occur on alternating radii, is called the radial arrangement 
In the secondary thickening of roots (figs. 556, 557), a cambium is 
developed, which forms secondary xylem inside the phloem ; the twoi 




Fte. sjS. — Endog- 

. coous origin of root 

branches: loa^tudi- 

•ITOW leaf, showiDg 

the branches Hirting 

from the vascular 

FlM, 553, SS4- — Roof hairs: SS3i of com, showing ^lioder and pene- 

relation lo root tip ; 554, of wheat, showiog rclatioD to an trating the cortex. — 

epidemul cell and the dose contaa with soil particles. After CotTLIEB. 

therefore, hold the same relation to one another as do the xylera and 
phloem of a collateral bundle. Continued activity of this cambium 
results in a cylinder of collateral bundles, made up of phloem and 
secondary xylem; and the radiating arms of the primary xylem are at 
the bottom of the primary pith rays. Of course, the cambium also 
forms secondary phloem within the older phloem. By this secondary 
growth the vascular cylinder of a root may soon lose any appearance 
of its primitive radiate structure, and assume the appearance of a dicoty- 
ledonous stem, with collateral bimdles. 
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Fvt. 555. — Parti; diagramnutic traniTSK aecXioa of Tucular <7liiider of root at 
XaniMciJw.- the two outcnnost layers belonK to the cortex, the Inner one bdiig the 
endodennia; the next layer (nutecinoat one of the itele) is the pcricyde; in the OEnter ii 
tbe group of xylem vessels, extending in four rajs to (he pcricyde; the oulermost lylem 
vessels o( e«ch raj are protoiylem, the mctaijleni having developed towards the center 
in lour cottveigiiig lines; between the ^Icmnjive the tour groups <<phloeia(sha(led>> 



FMs. 556, 557. — Diagrams to show (econduir thickening in root, 556 being dts 
primot; conditioD, 557 the secondaryi x, primarj lylem; p, primaij phloem; t, cam- 
blun; MK, ■econdary yiem; of , lecoDdaiy phloem. — After Co ULiex. 
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The branches of a root are formed at the periphery of the vasculai 
cylinder and push through the cortex, this endogenous origin being in 
sharp contrast with the method of ori^n of steni branches (^ 558). 



The structure of an angiosperm leaf is in every essential the same as 
that of a pteridophyte leaf, and should be clear at this pcont. For those 



I'M- 559' — Traii^vc:je section of Hly leaf: begjanmg above, the regloBi are ttie 
upper epidermis (e); [he palbade layer (f); Ihe region o( spcnKT tissue (extending to Ibc 
lover epidermis), with intercellular spaces and vascular strands (v), tbe cells contUDinii 
chlwophyll; and the lower epidermis (e*), in which sections of three stomaCa ore seen, 
eadi opeoing into a large intercellular chamber (i). — After Coultei. 

unfamiliar with this structure, it may be pointed out that the essential 
features of an ordinary dorsiventral leaf are as follows : a layer of 
close-fitting or even interlocked epidermal cells above and below, in 
which stomata are developed (figs. 559-561); between the epidermal 
layers the mesophyil region, whose cells contain chtoroplasts (fig. 559); 
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often two regions of mcsophyll (the paiUade region of vertically elon- 
gated and close-lying cells, and the spongy region of rounded and 
loosely packed cells, leaving a labyrinth of intercellular spaces); and 
the veins, of varying order (fig. 559, v), which traveise the mesophyll 
and contain the vascular strands (conducting system) connecting with 




those of the stem and root, and also strands of mechanical or supporting 
tissue. Such a structure provides protection (epidermal layers) for the 
mesophyll cells, an internal atmosphere bathing the mesophyll cells 
and communicating with the external atmosphere through the stomata, 
a conducting system, and a mechanical framework. 

Flowbr 
General character. — The flower is a very characteristic structure of 
angiosperms, but it is impossible to define it with exactness, so as to 
apply to all angiosperms and to no other group. In passing from 
gymnosperms to angiosperms there is a gradual transition from the 
structure called a strobjlus to that called a flower or an inflorescence. 
The most characteristic feature of the flower of angiosperms is the pres- 
ence of a perianth associated with the sporophylls. In its full expres- 
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sion, the perianth connsts of two sets of members, sepals and pdals, 
which in general are foliar in nature, but differ more or less dis- 
tinctly from the ordinary bracts or leaves of the plant (fig. 561). They 
seem to have been derived, historically, from adjacent sporophylls and 
adjacent bracts or foliage leaves ; in any event, they are intercalated as 
distinct member between the bracts or foliage leaves on the one ade, and 
the sporophylls on the other. It is not clear what was the most primi- 
tive condition of the flower among angjosperms; whether it began with 



a fully developed perianth, which in certain groups became reduced or 
even suppressed ; or whether it began with no perianth, which first ap- 
peared in very simple form and gradually became more highly developed 
and complex. Both -.-iews have sui>port. In any event, there are cer- 
tain general facts and tendencies of the flower which are evident. 

Differentiation of perianth. — A series of flowers can be arranged with 
those having no perianth {naked) at one end, and those with a sharply 
differentiated calyx (sepals) and corolla (petals) at the other. Between 
these two extremes there will be found flowers with inconspicuous 
bracts, those with bracts more distinctly perianth-like in arrangement, 
those with a perianth differing in texture from bracts but not differen- 
tiated into two sets. It b evident that this series may have developed 
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ia either direction; that is, either by the gradual reduction and final 
elimination of the perianth (a reduction series), or by the gradual ap- 
pearance and differentiation of the periaiith (an ascending series). In 
the one case the naked flowers, for example, would be reduced flowers ; 
in the other case they would be primitive flowers. There Is every reason 
to believe that evolution has taken place in both these directions, and 



I 



Fids. 563-565. — 563, s}'n]pe(alou9 Sower of tobacco (Nimtiom); 564, ac opened 
corolla lube, showing (he sUmens apparenlly auached to it; 565, the sjnoupout pistQ. 

— Afler SXKASBUKCER. 

that what are known as simple flowers are sometimes primitive and 
sometimes reduced. 

Sfiztd to cyclic, — A very evident tendency in the evolution of the 
angiospenn flower is to pass from what is called the spiral condition 
to the cycHc condition. In a strobilus the bracts and sporophylls are 
spirally arranged upon a more or less elongated axis, and are indefinite 
in niunber ; and this same condition occurs in the flowers of certain 
angiosperms. Beginning with this strohilus-like flower there is a ten- 
dency to shorten the floral axis (receptacle), which results in a closer 
^iral of flower parts, and finally reaches the cyclic stage, in which there 
is a cycle for each kind of organ. At the same time, the receptacle 
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btoadens, so that the 6nal stage is one in which the sua«sfdoii of cycles 
seems to be centripetal rather than acropetal. 

Associated with the appearance of the cyclic stage is the establishment 
of a definite number of organs for each cycte. For example, the definite 
floral number for cyclic monocotyledons is three, but there are many 
spiral monocotyledons with no definite number ; the definite floral 
number for cyclic dicotyledons is usually five or four, but there is a host 
of spiral dicotyledons in which the numbers are indefinite. The cyclic 
condition is not necessarily attained simultaneously by all the regions of 



Fws. S66-J68.- 

the flower. For example, in the buttercup the sepals and petals usually 
show the definite cyclic number five, but the stamens and carpds are 
still in the spiral condition of indefinite numbers (fig. 563}. 

Zonal devekqnneat. — Another evident tendency among the flowers 
of angiospenns is the so-called coalescence of members of the same set. 
For example, the zone of tissue upon a receptacle which is ^ving rise 
at several points to a cycle of separate petals, sooner or later be^ns to 
develop uniformly, resulting in a corolla tube instead of several petals 
(fig. 563). This is called zonal dnielopmtni, and the sooner it b^ns the 
more completely tubular does the corolla become. This tendency to 
zonal development is observed in all the floral cycles, and this condition 
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!s poorly expressed in the tenm synsepalous, sympadous, monaddphaus, 
and syncarpous. The syncaipous coodition {syncarpy) is extremely 
common (fig. 568); but the sympetalous condition (sympetaly) 13 note- 
worthy as ^ving name to one of the three divisions of angiosperms. 

All such terms as " united," " fused," " coalescent," and their technical equiva- 
lents suggest a very wrong impression as to the origin of the structure concerned. 
The separate parts implied in the words " united," etc., never had a separate 
existence. For example. In many cases separate petals occur ; and where there 
is lonal development tiiey are not separate, but this does not mean that they 
hava " united " or " coalesced." 

Hypogyny to Cfilgyny. — Zonal development often involves more than 
a single set In sympetaly the stamen zone is also usually involved, so 



tfiat the stamens seem to arise from the tube of the corolla (fig. 564). 
There are three conditions in reference to zonal development that in- 
cludes more than one set which are important to note, for tbey have to 
do with a dis inct evolutionary tendency of the flowers. The most 
primitive condition is one in which the sets are entirely free from one 
another (unless it be the corolla and stamens), in which case the flower 
is hypogynous, meaning that the three outer sets arise from beneath the 
carpel set (fig. 569). In another condition, zonal development involves 
the three outer sets, resulting in an umlike structure surrounding 
the carpels, from the rim of which the distinct sepals, petals, and 
stamens arise. In this case the flower is perigynous, meaning that the 
three outer sets seem to arise around the carpel set (fig. s7o)- In the 
last condition the zonal development involves all of the sets, leaving a 
cavity in the center, so that all of the sets seem to arise from the top of 
the ovary. In this case the fiower is epigynous, meaning that the floral 
s seem to stand upon the ovary (fig. 571). Epigyny is regarded 
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as an advanced character, and is one of the prominent features of the 
families considered as highest. 

Irregularity. — There is also often a tendency for one or more of the 
sets to become irregular (zygomorphic), a tendency noteworthy chiefly 
among petals. This means that the corolla is not composed of similar 
petalsi as is true of regular (actinomorphic) flowers, but that the petals 
differ decidedly in form, as, for example, in a sweet pea. This tendency 
to irregularity is not a general one, but b characteristic of certain 
groups. 

These various tendencies are found in the different groups in all stages 
of development, so that the relative rank of a group is determined by the 
combination of its stages. For example, a naked, spiral, hypogynous 
flower, in which there is no zonal development, would have the most 
primitive combination; while a cyclic, sympetalous, syncarpous, and 
epigynous flower would have the most advanced combination. 

Organogeny. — The organogeny of a flower has to do with the develop- 
ment of the floral members, the most noteworthy fact being the order of 
succession of the different sets. In a spiral flower the order of succes- 
sion is necessarily acropetal; that is, the sets arise successively towards 
the apex of the receptacle. This succession, therefore, is sepals, petals, 
stamens, carpels. If this succession is maintained in a cyclic flower, 
the acropetal succession, of course, appears centripetal. But with the 
shortening and broadening of the floral axis (receptacle), the primitive 
succession is often broken up. For example, in Compositae (the high- 
est family) the succession is petals, stamens, carpels, sepals, which is a 
striking shift in the position of the sepals; while in CapseUa (shepherd's 
purse) the succession is sepals, stamens, carpels, petals. 

Relation of sporangia. — The flowers of angiospcrms are prevailingly 
bisporangiate; that is, stamens and carpels occur in the same flower (flg. 
562). In the case of monosporangiate flowers two conditions are pos- 
sible : the staminate and carpellate flowers may occur upon the same 
plant (monoecious) or upon different plants (dioecious). 

Stambr 

• 

General character. — The stamen is the organ bearing microsporangiaj 
and therefore is the equivalent of the microsporophyll of gymnosperms. 
The sporangia are usually four in number, but they vary from one to 
many. Usually the stamen is differentiated into two distinct regions : 
the anther^ which is the region bearing the sporangia; and tbefiamenl^ 
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which Is the more or less elongated, stalklike re^on (figs. 572-574). 
It should be noted that such a term as anther is one of convenience 
lather than of morphological exactness, for it is made up of a complex 
of sporan^a and sporophyll. 

lUcroqwrangia. — The sporangia develop as in gymnosperms, being 
of the eusporangiate type. A transverse section of a very young anther 
shows a mass of homogeneous tissue invested by the epidermis. The 
layer just beneath the epidermis (hypodermal layer) is potendally 
sporogenous; but usually it becomes actually sporogenous in four 
regions, which in transverse section show a variable number of cells 
(one to several). Of course 
these re^ons of initial cells 
are really four lon^tudinal, 
hypodermal bands of varying I 
width. Each one of these 
bands of initials divides peii- 
clinally, forming two layers 
of cells (fig. 575). The outer 
layer (just beneath the epi-, 
dermis) is the primary wall 
layer; the inner one is the 
primary sporogenous layer. 
The primary wall layer di- ^ ^^- "r'^M,^'""'^ "* angio,i«m.s. 
., \_ , , . •howmg anther and filament: S7*> ordinary type, 

vides further, for mmg several ,i,ii lorgiiudinal dehiscence; 573, 5oAiimw<. with 

(usually three to five) wall dehiscence by lerminal alii or pore; 574, Vac- 

layers (fig. 576). The outer- ""'"■''»■. -'"' t"'-"'*; prolongations of poUen s=a 

■' ^ & J' ' lor dehiscence, — Alter KEaNEB. 

most wall layer is usually 

much modified, the cells becoming lai^e and conspicuously banded, 
forming the so-called ettdolhecium (fig. 580), a layer that assists in the 
dehiscence of the sporangjum. The innermost wait layer usually 
becomes transformed into a portion of the tapeittm, the nutritive layer 
of the sporogenous tissue (figs. 576, 577). The intermediate layers are 
the middle layers, and usually become more or less flatlened and dis- 
organized through the activity of the tapctum. A section through a 
completed sporangium wall, therefore, reveals the epidermis, the 
endothecium, one or more middle layers, and the tapetum (fig. 577). 
The cells of the primary sporogenous layer usually divide two or three 
times (sometimes oftcner, and sometimes not at all), forming the spore 
mother cells (fig. 577). In the two successive divisions of the mother 
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Fi05. S7S-SJ8. — Devtiopment of the micro- 
sporangium of Si/^Anufi .' 57;, transvene sectiaii 
ol a small portiOD of a very foiing anther, show- 
ing ihe hjpoderraal inilial cells (shaded and 
with larf;r nudei), vhich are beginnmn the peri- 
dinal divisioa into primary wall cells (outer) 
and primary sporogenous cdla; 576, later stage, 
the primary wall cells having formed Ihree 
layers, the innermost (shaded) being (he tapetum 
(nutritive layer), whiih b continuous about the 
sporogcDous cells; 577, later stage, showing cD- 
dothedum (layer beneath epidermis) forming, 
middle layer of flattened cells, tapetum conspic- 
uous and its cells binucleale, and sporogenous 
tissue (after one division of primary sporogenous 
cells) in the mother cell stage; 578, a mother 
cell conlaining a tetrad. — Alter 



cells to fbnn the tetnds of 
spores (fig. 578), the reductioii 
of chromosomes occurs. Usu- 
ally the ttirads within the 
mother cells are of the tetra- 
bedral type, but Id some cases 
the arrangement is different, 
the four spores being in a 
linear scries. The mature 
microspores (pollen grains) 
usually round oB and sepa- 
rate, forming a powdery mass 
(fig. 580). The ^>ore walls 
ate two-layered, the outer 
layer (exint) being thicker 
and more britdc and often 
variously sculptured, the inner 
layer {intine) being delicate 
4nd very elastic. In the exine 
there are always one or more 
thin spots where the pdlen 
tubes emerge, most monocoty- 
ledons having one such spot, 
and dicotyledons having two 
to many. In the pollen 
grains of Ranunculus (butter- 
cup), for example, fifteen to 
thirty thin spots may be ob- 
served. 

In some groups of angio- 
sperms the spores of a tetrad 
do not separate, a condition 
once described as a compound 
grain. In certain cases still 
larger groups of spores cling 
together, and this tendency 
reaches its extreme ezpresdon 
in such plants as orchids and 
milkweeds, where all the 
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Fm. 579.- 

spores of a sporan^um cliag together in one mass, called the 
poltinium. 

As the four sporangia of an anther increase in size (Gg. 579), the sterile 
tissue separating the two sporangia on pach side of the anther breaks 



Flo. 580. — Traiuverse section of a niBlure anther of lily, showiHB the sporangial 
CBTities lustd to form two pollen sacs (which are full of pollen groins); the endothedum 
ooiupicuous (just beneath a more or less fjagmcntary epidermis), and also the re- 
markable cells formed by the epidermis at the line of dehiscence (i); the tapetum has 
broken dowo (dolled line), aJid seveial middle layers ate evident. — After Coultek. 
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down, and each pair becomes one continuous spore chamber or sac, 
called the pollen sac (fig. 580). The pollen sac of angiosperms, there- 
fore, is usually composed of two coalesced sporangia. The dehiscence 
of the pollen sacs, in the discharge of the spores (pollen grains), is most 
commonly by a longitudinal slit, developed where the two coalesced 
sporangia join (figs. 572, 580); but sometimes they open by terminal 
slits or pores (fig. 573), or by openings in tubular prolongations of the 
pollen sacs (fig. 574), or sometimes by hinged valves. 



Carpel 



V' 



General character. — The carpel is a megasporophyll, and though 
often it does not produce the megasporangium (ovule), it always in- 
closes it. Ovules, on account of their relation to its tip, frequently 
arise from the axis ; so that ovules among angiosperms are both cauline 
and foliar in origin. The carpel is usually organized into two dis- 
tinct regions : the ovary, in which the ovules occur ; and the slylCf 
usually a more or less elongated and stalklike region arising from the 
top of the ovary (figs. 566-568). Upon the style, usually at its tip, some- 
times along one side, there is exposed a special tissue that receives the 
pollen, known as the sligma. This stigma is the exposed part of a tissue 
which extends through the style (sometimes lining a stylar canal) and 
along the wall of the ovarian tavity, and forms the nutritive path of 
the pollen tubes on their way from the stigma to the ovules. This 
tissue in the style has been called conducting tissue^ and in the ovarian 
cavity the placenta. 

In cases of S3mcarpy, two or more carpels are organized together, 
forming a single ovary (fig. 567), and often a single style (fig. 568). In 
such cases the ovary may contain as many chambers as there are carpels, 
or there may be only one chamber. Since carpels may be organized 
singly or collectively, it is convenient to have a general term that can be 
applied to either kind of carpel organization, and that term is pistil, 
A simple pistil is one composed of a single carpel (fig. 566); while a 
compound pistil is composed of more than one carpel (fig. 567), and may 
contain as many chambers as there are carpels in the organization, or it 
may contain a single chamber. 

Ovule. — The ovule may arise from any free surface within the cavity 
of the ovary; and since this free surface involves both the carpels and 
the tip of the axis (sometimes prolonged into the cavity of the ovary), 
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the ovules may be foliar or cauline. In the different groups of angio- 
spenns, however, the ovules are borne in very definite ways. 

General structure, — In the development of the ovule, the nucellus 
first appears as a protrusion from the surface which bears it; later a ring 
arises around its base, which develops into an integument; and still 

Fio. 58Z. — Development of an anatropous ovule, the series beginning at the left; the 
two integuments appear successively and gradually overtop the nucellus as the ovule 
becomes curved; last figure a section showing relation of the two integuments and the 
nucellus at maturity of ovule. — After Gray. 

later a second ring may arise outside of the first, which develops into a 
second integument (fig. 581). Soon the integument (or integuments) 
overtops the nucellus, and where it closes in over the nucellus there is 
left a narrow, more or less elongated passageway, the micropyle (fig. 
582). Among the Archichlamydeae and monocotyledons there are 
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Ftos. 589-584. — Directions of ovules; 58a, orthotropous; 583, campylotzopous; 
584, anatropous; also showing outer (of) and inner (««) integuments, micropyle (m), 
nucellus (n), and embryo sac {em). — After Coctlter. 

usually two integuments; while among the Sympetalae there is almost 
invariably a single massive integument. 

Direction, — Important differences are shown in the directions as- 
sumed by mature ovules. Some grow straight outward from their place 
of origin, the axis being straight and the micropyle directed away from 
the point of origin; such ovules are called orthotropous (fig. 582), and this 
condition is regarded as the most primitive. In other ovules the axis 
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becomes curved, the micropyle being directed thus towards the surface 
of origin; such ovules are called campylotropous (fig. 583), and they are 
much less common than the other kinds. Far the most common kind of 
ovule among angiosperms is one which develops a stalk {funiculus) that 
becomes curved at the apex, so that the body of the ovute lies against it, 
and although the axis of the body is straight, the micropyle is directed 
towards the surface of origin; such ovules are called anairopous (in- 
verted), the funiculus appearing as a ridge along one side of the body of 
the ovule (figs. 581, 584). The advanti^ 
of the anatropous ovule may be recognized 
when it is remembered that the pollen tube 
is advancing along the wall of the ovary, 
and the micropyles are thus brought near the 
585 waU. 

Development. — The megasporangium 
(really the nucellus) is euspoiangiate in its 
development, resembling the microsporan- 
gium at every stage. There is usually a 
single hypodermal initial cell, which is soon 
recognized among the other hypodermal 
cells by its larger size and the different ap- 
pearance of its contents (fig. 585). Some- 
times there are two or more of these initial 
Fios. 585, $86. — Develop- cells, as is the usual case in microsporan^a. 
mcDt of megasporangCum of The large hypodermal initial divides by a 
Siil^ S/Juvw™ ^^J periclinal wall into two cells, the outer cdl 
into priniaiy wall ceQ (outer being the primary wall cell, the inner one 
shaded one) and primary spo- being the primary spoTogenous celt (fig. 586). 
LX°^. ""■"'"'" '^"*"' The wall cell may not divide (fig. 587), or 
there may be one or more divisions (fig. 588), 
or in some cases there may be several wall layers developed, as in 
microsporangia. The primary sporogenoua cell does not divide and 
form more sporogenous cells, and therefore it is the megaspore mother 
cell. This means that when it divides, a tetrad is formed by two 
successive divisions, which are the reduction divisions. The tetrad of 
megaspores is almost always a linear row (fig. 587), which is an ex- 
ceptional arrangement among microspores. It is very seldom that 
more than one of the megaspores matures, and that one is almost 
invariably the innermost one of the row, that is, the one farthest from 
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the micropyle. In iU growth tbe developing megaspore encroaches 
upon and destroys the other mcgaspores and more or less adjacent 
tissue of the nucellus, becoming a very large cell (fig. 587), which is 
later the embryo sac. 

This account of the development of the megasporangium includes all 
the events that ever occur, but in certain groups of angiosperms one or 
more of these events are omitted. Among the Sympetalae, for example, 
tbe bypodeTmal initial cell never divides into a primary wall cell and a 
primary sporogenous eel 1 , 
but is itself the primary 
sporogenous cell or 
mother ceU. This means 
that in this great group 
tbe wall tissue of the 
megasporangium has 
been eliminated. The 
same condition is found 
here and there in the 
other groups. 

In some cases the nu- 
cleus of the mother cell 
divides, forming four 
nuclei, but walls do not 
separate them. Some- 
times when this happens 

(as in Eichhomia) three Fkjs. 587, sCa. — Development of megasporingium: 
of the nuclei degenerate S^?. wtrad of Canna (after Wiegand), JD which the 
_j .1. c -.1. c intiermost megaspore has very much enlaiaed; single 

and the fourth one func- j- -j j ,, ,, „„ .. j t i-- ti. ■ /^ 

undivided wall cell; 588, Wtrad of Eichhoraa (after 

tions (Gg. 588). Wilson Suitii), in which no walls have appeared, but 

In other cases the lt"«of the megaspore oudei are degenerating; primary 

mother ceU divides only P"^^*! -^H -""ded once. 

once, and one of the daughter cells functions as an ordinary megaspore 
in producing a female gametophyte (as in Cypripedium). The cell 
thus functioning is not really a megaspore, but two megaspores, which 
together form the gametophyte. 

In Lilium and certain other forms a remarlcable shortening of the 
history occurs. The hypodermal initial cell docs not produce a wall cell, 
and therefore is the primary sporogenous cell or mother cell. This 
mother cell does not divide and form a tetrad of megaspores of the usual 
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kind, but tbe megaspores are represented by four nucM. The mother 
cell, therefore, seems to behave like a megaspore in producing the female 
gametophyte, and the hypodermal initial thus directly produces the 
female gametophyte. Of course this really means that four mega- 
spores enter into the formation of the gametophyte, and the two 
successive reduction divisions are tbe first two divisions in the forma- 
tion of tbe gametophyte. 

Fbhalb Gavbtophtte 
Development. — The development of the female gametophyte at 
angiosperms begins with free nuclear division, as in gymnosperms, but 
the nuclei thus produced are definitely eight in number, following three 
succes^ve divisions from the nucleus of the megaspore. It is in this 
free nuclear stage that the egg is differentiated, which is tbe condition of 
Gnaum, except that here the nuclei are much fewer in nimiber. Id 



Fics. 589-S91, — Development of female gametophyte of angiospenni, aa shown by a 
lily- 5^1 megaspore (in (he ovule); 590. first division; S91, leoKid diviiion. 

connection with these free nuclear divisions two remarkable features 
appear. One is the polarity exhibited by the nuclei. After the first 
division the two nuclei separate and pass to the poles of the embryo sac, 
one to the micropylar end, and the other to the antipodal end (fig. 590). 
There follow two successive divisions, so that first two (fig. 591) and then 
four (fig. 592) nuclei are produced at each pole of the sac. Tbe other 
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feature referred to is the peiar fusion, which means that a nucleus from 
each tnd passes toward the center of the sac, where the two come into 
contact and fuse (figs. S93j S94)j forming the/iWMm nucleus (prirmiry 
endosperm nucleus). 

Egg apparatus and ontipodalB. — The three nuclei in the micropylar 
end of the sac are organized into a group of three naked cells called the 
egg apparatus (figs. 593, 594). 
The cells are all potential 
eggs, but only one of them 
(the central one) matures as 
a functional egg. The other 
two are called syntrgids 
(helpers), because they are 
apparently of some service 
in connection with fertiliza- 
tion. Often the synergids 
become beaked, the beaks 
sometimes even extending 
into the micro pyle. The 
three nuclei at the antipodal 
end of the sac form a group 
of three naked cells or walled 
cells, called antipodal cdls 
(figs. 593, 594), or merely 
antipodcls, and their his- 
tory is exceedingly variable. 
Usually they are ephemeral; 

sometimes they are quite 

... J , Figs. 593, 593. — Development of female ga- 

perSISlent ; and m some cases ^^^p^yle of angitape™, con.mued from fig. 59, : 

they form a very active tis- 511), third division, resulting in four nuclei in each 

sue. In the last case, the ""■ °' ""^ "^^ S'^' organiialioo of egg apparatus 

..... ., , (upper end of ^c). fusion of polar nuclei (ceater of 

activity IS shown either by „,). ^nd antipodal nuclei (base of sac). 
the great enlargement of the 

three cells, or by their division to form a variable amount of tissue. In 
any case, when the antipodals are active, they serve as nutritive cells, 
and in general they serve this purpose until the endosperm is formed. 
Ezcaptions. — The sequence of events described above is remarkably 
uniform for so greal a group as the angiosperms; but there are certain 
interesting exceptions. For example, in a member of the pepper family 
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(Peperomia) there are sixteen free nuclei in the embryo sac. These 
nuclei show no polarity, and a large number of the nuclei enter into the 
formation of the lai^e fusion nucleus, which in this case is the result of 
multiple fusion. This same general condition has been found also in 

Juglatu (walnuts) , 
Ulmus (elms), the 
aroids, etc. ; but 
probably in all 
these cases two or 
four megaspore 
nuclei ate in- 
volved. 

Nutritive mech- 
anism. — The nu- 
tritive mechanism 
of the embryo sac 
i s varied and some- 
times complex. 
In all cases there 
is an enlargement 
of the sac, which 
encroaches in 
every direction 
upon the adjacent 
tissue of the nucel- . 
lus, which is thus 

aatropoiu ovule, ihowing the egg kpparalui («, the egg; [he USed aS & nutritive 
two Mha cxlU the STnergjda) dirrded Conardi the micropyle (»), tisSUe. In somfi 
the three uiLipodaU at the other end of the sac, and the two . , 

polunudeiiocootaa in the caiter.- After CoDLizB. cases, notably 

among the Sym- 
petalae, there is organized about the sac a de&nite nutritive jacket, 
which obtains food from the surrounding tissue and from which it enters 
(he embryo sac. In other cases the antipodal end of the sac extends 
into the tissue beneath (clmlaza), sometimes becoming conspicuously 
tubular and prolonged. In still other cases tubular extensions of the 
sac are put out in other directions, especially into the heavy integu- 
ment from the micropylar end. Occasionally all of these methods of 
nutrition are combined, resulting in a complicated and very effideot 
nutritive mechanism. 




Fro, 594. 



letophyle ol Ifly within the 
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Halb Gahbtophttb 
t. — In the development of the male gamet(^b}rte of 
angiospcnns no vegetative cell appears (eipept in very rare cases), so 
that the gametopbyte is reduced to an antheridium, and the pollen grain 
is an antheridium initial 
(fig. 595). The first 
divi^on of the nucleus 
of the microspore pro- 
duces the generative and 
tube nucld, and this is 
the usual condition of 
the pollen grain at shed- 
ding (fig. 596). The 
generative cell is usually 
organized as a naked 
ceU, which assumes vari- 
ous forms, generally 

from q>herical to Ien»- ow ^7 

shaped This ceU may ^^ s«-598.-MJ* gvnrtophytr c( wgioipenc^ 
divide before the shed- m shown bj Saphium.- sqs.poUen gruo.with it! single 
ding of the pollen grain, nude™ "d "piny omtr co»t; 596, Sist dlvLdoo, fonning 
• — i,-,i, ,1, generative and tube nudei <sheddiDx cgodilioo in muir 

in wnicn case inree ^^^^j. ^^^^ ^^^^ ^^^ |^j division, rauiting in the 
nucld are observed two male cclb bom the Knerative mU (shedding con- 
within the mature grains ^'^^ " *°°" cases), a division which often oeoin In the 
(fig. 597); or it divides Pj^^"J^_»8.l'«t-"»«i«^'»'i« «!<-'«««».- 
- after passing into the 
pollen tube. The generative cell is the primary spermatogenous ceU, 
and there is only one division, resulting in two equal male cells. 

The gradual reduction in the number of spermatogenous cells pro- 
duced by the antheridium of a heterosporous plant has reached its ex- 
treme expression among angiosperms. In Sdagindia the generative 
(primary spermatogenous) cell produces a large number of mother cells, 
each of which produces a sperm. In Tsoetes the generative cell produces 
four mother cells, each of which develops a sperm. In cycads and 
Ginkgo the generative cell produces three cells (by two successive divi- 
sions), two of which are mother cells developing sperms. In conifers 
the generative cells produce the same number and character of cells as in 
cycads, but the two Biotber cells do not develop sperms, functioning 
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themselves as male cells. . In angiosperms there is only one division, 
the generative cell producing two male cells. These male cells are vari- 
able in form, being spherical, lens-shaped (very common), spindle-fono, 
curved, or even spirally twisted. 

Fertiuzatioh 

PoUination. — Pollination is the transfer of pollen from stamen to 
stigma, and is a necessary antecedent to fertilization. The term ferti- 
litation is often used when pollination is meant, but no student of mor- 
phology should confuse the two. In angiosperms pollination is a very 
extensive subject, for insects as well as wind are agents of transfer ; in 
other words, they are insect-pollinated as well as wind-pollinated. This 
use of insects, which has developed among the higher angiosperms, has 
involved a variety of mechanism and of habit that is fairly bewildering ; 
but the whole subject lies within the domain of ecology (see Part III). 
It is sufficient to note that in some cases the pollen is transferred to the 
stigma of its own flower {close pollination) ^ and in other cases to the 
stigma of another flower (cross pollination). Dioecious plants are nec- 
essarily cross pollinated. Hybrids may be produced by cross pollinat- 
ing (or crossing) individuals belonging to different species or varieties. 

Pollen tube. — After the pollen grain lodges on the stigma, the pollen 
tube is developed and penetrates from the stigma to the embryo sac. 
This involves penetration of the style, entrance into the ovarian cavity, 
passage along the wall of the ovarian cavity to the insertion of the ovule, 
passage along the ovule to the micropyle, passage through the micropyle 
to the tip of the nucellus, penetration of the tissue of the nucellus over- 
lying the embryo sac, and finally penetration of the sac wall (fig. S99)- 
The time involved in this journey holds no relation to the distance 
traversed. For example, in Crocus, with a style 6 to lo cm. long, the 
time is one to three days; while in Arum, with a style only 2 to 3 mm. 
long, the time is five days. The range of time, so far as known, 
is from a few hours to thirteen months (in certain oaks). These long 
periods are found among angiosperms which are regarded as primitive 
(the so-called Amentiferae), and suggest the similar condition among 
gymnosperms. Among these same primitive angiosperms, also, there 
are found branching pollen tubes, suggestive of the old haustorial habit 
of the tube. 

Chalazogamy, — Among the Amentiferae there also occurs the phe- 
nomenon of chalazogamy,w\nch means that the pollen tube does not enter 
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the embryo sac by way of the micropyle, but pierces directly through 
the region of the ovule beneath the embryo sac {chalasa) and enters 
the embryo sac from below. Among the more familiar plants in whidi 
chal&zogamy has been found are 
the walnuts and elms. Entrance 
by the micropyle is called porog- 

amy; and there are other routes ^ 

used by the pollen tubes of cer- 
tain plants, intermediate between u 
true chalazogamy and porogamy. 
FertUlzation. — After the tip 
of the pollen tube has entered "fA 
the sac, it enlarges very much, 

usually destroys one of the ■" 

synergids, and finally discharges 
the two male cells or nuclei 
(fig. 599). One of the male 

cells passes to the egg and fer- .g 

tilization is accomplished. The ^ 

other male cell passes deeper 
into the sac, comes into contact 
with the fusion nucleus, and fuses 
with it. Into the structure of the 
primary endosperm cell (or nu- 
cleus), therefore, three nucld 

have entered : an antipodal 

■^ , Fig. tag. — FcTtibzatton in Silphiam! 

polar, a micropylar polar, and a ,y^ undtstroyed syoergid; pi. »woiifl, tip of 

male nucleus. This participa- pollen tube, still with aame coatenn («)! 

tion of both male cells in nuclear 'h' ™'=<' "^e "" '" "^^'"* '^'*' <B8 

, . . , , nucleus (o); iD^ curved male cell in contact 

fusions m the same embryo sac „i,h fmionnudeus «). -Alter Land. 
has been called double ferliliza- 

tum, and it is perhaps the greatest puzzle connected with the embryo 
sac of angiosperms. 

Double fertUizatum. — This phenomenon was first described in 1898, 
but subsequent investigation has indicated that it is probably of univeisai 
occurrence among angiosperms. It means that one male cell enteis 
into the formation of the embryo, and the other into the formation of the 
endosperm. This raises a question as to the nature of the endosperm of 
an^osperms. Tbe old view was that it is belated tissue of the female 
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gametophyte, which m some way is stimulated to develop by the polar 
fusion. But when the part played by the male cell was discovered, it 
was suggested that this tripie fusion is a real fertilization, which would 
mean that the so-called endosperm is a sporophyte, the twin of the em- 
bryo. If this is true, the endosperm of gymnosperms is not the same as 
that of angiosperms. If the test of the number of chromosomes be ap- 
plied, to decide whether the endosperm is gametophytic (x) tissue or 
sporophytic {tx) tissue, it is found that it is at least jjc tissue. To call 
3^ tissue gametophytic seems to make the test of little value. If the 
triple fusion be analyzed, it will be noticed that one cell is the micropy- 
lar polar, which is sister to the egg, and another is a male cell. If only 
these two cells fused, it could hardly fail to be regarded as fertilization; 
but the third cell that enters into the fusion is a vegetative cell (or nucleus) 
from the antipodal end of the sac, so that the real nature of the fusion 
is confused. Perhaps it would be better to speak of the endosperm of 
gymnosperms as female gametophyte, and to reserve the name endosperm 
for this problematical tissue in the embryo sac of angiosperms. 

Endosperm 

Development. — As described above, the endosperm of angiosperms 
is produced by the triple fusion nucleus. It usually begins with free 
nuclear division, but sometimes it begins with wall formation that 
chambers the sac. In its completest development it forms a tissue that 
tills the embryo sac and is packed about the embryo. In some groups 
the endosperm may develop only as a few free nuclei, so that it may be 
regarded as suppressed, as in Helobiales and orchids (groups belonging 
to monocotyledons). There is also great variation in the permanency 
of endosperm which has been fully developed. It may be used up by 
the embryo during the ripening of the seed, as in peas and beans (Legu- 
minosae); or it may persist in the mature seed, being used up by the 
embryo during germination, as in the cereals. In structure, permanent 
endosperm tissue has no intercellular spaces, and the cell wall may be 
thin or thick, an excessive thickening occurring in bony seeds, notably 
in the date and in the so-called vegetable ivory, both from the seeds of 
palms. Sometimes by its continued growth the endosperm has been 
observed to burst the seed coats, turn green, and form intercellular 
spaces. 

Feilsperm. — The storage region of some seeds is not the endosperm 
but the perisperm, which is the nucellar tissue surrounding the embryo 
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sac. In this case the endosperm functions as an intermediary between 
the perisperm and the embryo, obtaining the food stored in the former 
and passing it on to the latter. 

Xenia. — The phenomenon known as^^nia is the appearancein the seed 
of characters belonging to the pollen parent, when the pollen is foreign 
(belonging to another race). For example, when a race of white or 
yellow com is crossed with pollen from a race of red com, many of the 
resulting kernels are red or mottled. It is found that this color belongs 
to the endosperm, and that it is introduced by the male cell that enters 
into the triple fusion. This means that in this case the endosperm is a 
hybrid as well as the embryo. 

Ekbryo 

The embryo of angiosperms does not begin with free nuclear division, 
as in gymnosperms {Tumboa and Gnetum excepted), but the first divi- 
sion is accompanied by a wall. As the most fundamental difference 
between dicotyledons and monocotyledons is found in the embryo, the 
two groups must be considered separately. 

Dicotyledons. — The embryo of CapseUa (shepherd's purse) is most 
commonly used as a representative of the dicotyledonous embryo. The 
egg divides transversely and subsequent tran verse divisions result in a 
filament of var3ring length (fig. 600). This filament is the proembryo, 
which later becomes differentiated into suspensor and embryo. The 
terminal cell of the proembryo divides into octants (fig. 601), the four 
terminal octants forming the stem and cotyledons, the four basal octants 
forming the hypocotyl except its tip. In the octant stage the dermatogen 
(the layer that produces the epidermis) is cut off by periclinal walls (fig. 
602). In the interior the two other body regions are soon outlined, the 
periblem (producing the cortex) and the plerome (producing the stele) 
(fig. 603). 

At the tip of the hypocotyl the plerome is complete, but the peri- 
blem and dermatogen are incomplete (fig. 603). This gap in the tip 
of the hypocotyl is filled by the adjacent (second) cell of the pro- 
embryo as follows: This cell divides transversely, and the daughter cell 
next to the embryo is the hypophysis, which fills out the hypocotyl. The 
hypophysis divides transversely, the inner cells completing the periblem, 
and the outer cells completing the dermatogen (figs. 603-608). The 
second cell of the proembryo, therefore, contributes both to the embryo 
and to the suspensor, and the boundary between these two regions is 
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established when that cell divides and forms the h]rpophy»s. While 
this method of embryo formation may be regarded as characteristic of 
dicotyledons, there axe numeious variations, conspicuous among which 
are the following: 

Variaiums. — The proembryo may be a spherical mass of cells (as in 
the water lilies), in which the growing points are. oiganized, but with 
litUe or no difierentiation of a suqiensor. 




FlOS. 600-603.. — Devclopmenl of embryo of Captdia (a dicotyledoo) : 600, Ihe 

filamcntou! proembiyo, in which the terminal cell has divided and the basal cell hu 
become lar^e; 6or, lal« stage, in which the terminal cell has divided to octants; 
603. lafer slaj^e. in which the dermatogen has been cut off; 603, later stage, in which 
pleromc (shaded) and pcriblcm (between plerome and dermatogen) are distinguishable in 
the hypocotyl region; hypophysis (divided to three celli in the figure) completing 
periblcin (by inner cell) and dermatogea (by two outer cells). — After Cocltek aod 

CUAUBERLAIK. 



In other cases the proembryo is massive, but of no definite form, filling 
the micropylar end of the embryo sac. 
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Fids. 604-608. — The hrpophjib ta CapseBa: 604, cell with nucleus Is the ttll et 
the filamentous proembryo next to the termiiial one (wMch has formed most of the 
embryo); 605, diiosiou of this cell ialo hypophysis (cell next to the embryo) and end cell 
of suipengor (it is this division that Goally diSerendatea embryo and suspeosor); 
606, division of hypophysis into two cells; 60;, division of the oulvr daughter cell <k 
the hypophysis; 608, final product of the hyp(q>hysis (sii ceUs visible, in three tiers), 
iDnennast tier completing the periblem (plerome shaded), middle tier (shaded) complet- 
ing the dermatogen (shaded), and outermost tier starting the root cap. — After C(Kn.TaK 



Pros. 609-6 1 J. — Development of embryo ri SagiUaria (a monocotyledon): A>9, the 
three-celled filamentous proembryo, the terminal one (s) forming the cot^edoD (ly, the 
undestroyed synergid) ; 610, the same; 611, division of middle cell; 613, 613, later 
slagca; x, enlarged basal suspensor cell; y, middle cell; s, terminal cell. — After 

SCBAJTNES. 

Among the Leguminosae there is often developed a conspicuous and 
very activesuspensor, which payaimost girdle the sac with its tui^d cells. 
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Among certun plants without chlorophyll {Monetropa, etc.) the 
embryo is very sjinply organized, consisting of a few cells, the differ- 
entiation into body regions proceeding during germination. 

Honocotyledons. — The embryo of Alisma or of Sagittaria is most 
commonly used to represent the monocotyledonous embryo. The pro- 
embryo is usually a filament of three cells (figs. 609, 610), the terminal 
cell forming the cotyledon. The middle cell begins a series of divisions, 
some of the resulting cells fonning the stem tip, hypocotyl, and root 
tip, and the others belonging to the suspensor (figs. 611-617}. In 



Fma. 614-^17. — Further developmCDt al embrTO of SagiOaria: alagei later than 
the snica shown in figs. 609-613; ;c, enlugcd basal cell; y, middle cell, giving rise 
to slcm-t[p (j), hjrpocotyl (A), aad aome (uspenaor cells; t, the termiDal colyledoiL 
— After ScHxraKER. 

this case, also, the boundary between embryo and suspiensor is es- 
tablished by a division of the second cell of the proerabryo, which con- 
tributes both to the embryo and to the suspensor (fig. 617); but in this 
monocotyledon type the whole of the embryo except the terminal coty- 
ledon is derived from the second cell. The basal cell of theproembryo 
usually becomes very much enlarged, fonning the conspicuous part of 
the suspensor (figs. 6i6, 617). The notable monocotyledonous feature 
b the terminal cotyledon and the laterally developed stem tip, which 
appears in a notch developed in the aide of the axis of the embryo (fig. 
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61S). Notable variations in this 
method of embryo formation are as 
follows : 

VariatioHS. — Among the aroids 
the proembryo is usually a spherical 
mass of cells. 

In Lilium and its allies the sus- 
pensor becomes masdve, sometimes 
filling the micropytar end of the sac, 
and occasionally giving rise to extra 
embryos. 

In orchids the embryo is very 
simply organized at the maturity of 
the seed, conmUng of only a few 
cells, with no differentiation into 
body regions. 

PASTHEiioonraais 
Parthenogenesis is the develop- 
ment of an embryo from an unfer- J'V'l'~^rJ''f ^'^J'^ 
' veloping in notch on side of embcyo. — 

tilized egg, and it seems to be a rare After Schaitnee. 
phenomenon among angiospenns, 

having been recorded thus far in only six or eight scattered genera, 
conspicuous among which are species of Tfujlictrum, Akkemilla, Anten- 
naria, and Taraxacum. In these cases, since there is no fusion of 
nuclei in the act of fertilization, there is no doubling of the chromo- 
somes; but it has also been found that in them there is no reduction 
dividon in the formation of the megaspores, so that the egg already 
has the ax nimiber, which is transmitted to the young sporophyte 
(embryo). 

POLTBHBRTOmr 

The occurrence of more than one embryo in a seed is not so common 
among angiosperms as among gymnosperms, but the cases are numer- 
ous. The synergids and the andpodals have been observed to produce 
embryos, and since these cells are gametophytic, these embryos arise 
by vegetative apogamy (see p. 169). Very commonly also the cells of 
the nucellus adjacent to the embryo sac or even those of the integument 
may form embryos that push into the sac. Since the nucellus and in- 
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tegument belong to the sporophyte, these embryos arise by sporophjrte 
budding. A remarkable case is that of an Allium (onion) with five 
embryos in the sac : one from the fertilized egg, one from a synergid, two 
from the antipodals, and one from the integument. The^ are thus four 
possible ways by which embryos may appear in an embryo sac: (i) 
from a fertilized egg, (2) by parthenogenesb, (3} by vegetative apogamy, 
and (4) by sporophyte budding. 

CLASSIFICATIOH of AH6IO6PERMS 

In so vast a group as angiosperms, it is impossible to present so com- 
plete a classification as was given for the gymnosperms or even for the 
pteridophytes. However, it seems necessary to indicate the larger 
groupings. The scheme presented is known as that of Engler, and al- 
though it will doubdess be very much modified, it will serve to introduce 
the great groups. 

MOHOCOTTLEDOlfS 

Among Monocotyledons about 25,000 species are recognized, which 
are distributed among 42 families; and these families are grouped into 
ten great alliances. These alliances may be considered under two cate- 
gories, six of them having spiral flowers (with indefinite numbers), and 
four of them having cyclic flowers (with definite numbers). The spiral 
alliances are regarded as the more primitive, and the cyclic alliances 
represent the more advanced monocotyledons. The six spiral alliances 
are as follows: 

1. Pandanales (3 families, 100 species). — The screw pine is the 
representative form, but the cat-tail flag (Typha) is a representative in 
our flora. The group is regarded as low in rank, which means either that 
it is pirimitive or reduced, because it has naked flowers with indefinite 
numbers, and is wind-pollinated. It is also an aquatic group, and the 
flower cluster is protected by the sheathlike base of the leaf. 

2. Helobiales (7 families, 235 species). — This is also an aquatic and 
wind-pollinated group, whose lowest members have naked flowers, as 
the pond weed (Potamogelon), but whose higher members have a calyx 
and corolla, as the water plantain (Alisma), In this group, also, the 
sheaihing base of the leaf encloses the young flower cluster. 

3. Glumales (2 families, 7000 species). — These are the grasses and 
sedges, which form one of the greatest of angiosperm alliances. While 
there are aquatic members, it is chiefly a terrestrial group, covering the 
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earth's surface more completely than any other. The flowers are naked 
and wind-pollinatedy and the floral numbers fluctuate widely. The 
peculiarity of the group, which has suggested the name, is that the in- 
dividual flowers are protected by bracts {glumes)^ the flower clusters be- 
ing composed of these overlapping bracts. This method of protection is 
in strong contrast with that of the preceding groups. 

The three preceding alliances are those which contain naked flowers, 
and if this is a primitive character, these are the most primitive alliances 
of the monocotyledons. It must be remembered, however, that this 
condition may have arisen through reduction. 

4. Palmales (i family, iioo species). — These are the palms, the one 
group including trees among the monocotyledons. The flowers have a 
perianth, but it is not differentiated into calyx and corolla. In general 
the floral numbers are indefinite, but there is occasional evidence of a 
settling to three, especially in the carpels, which are not only usually 
three in number, but also syncarpous. With the appearance of a 
perianth, there is also the appearance of insect pollination, so that the 
group as a whole is both wind-pollinated and insect-pollinated. It is 
also characterized by the large sheathing bases of the leaves, which 
invest the young flower clusters, a feature in common with the first two 
groups. 

5. Synanthales (i family, 45 species). — This is a small and peculiar 
South American alliance, which needs no description in this connection. 

6. Arales (2 families, 1025 species). — These are the aroids, a very 
distinct group of monocotyledons. The best known representatives 
are probably Jack-in-the-pulpit (Arisaema) and calla lily, but numer- 
ous tropical forms are in common cultivation in greenhouses. The 
flowers are clustered on a fleshy axis (spadix), enveloping and often 
overarchii^g which is a great bract (spcUhe). The spathe is as variable 
in form and variegated in color as are ordinary flowers, and associated 
with it there is a development of insect pollination. In fact, the brightly 
colored spathe seems to play the same part in aroids as does the corolla 
in the higher groups. The floweris clustered on the spadix are exceed- 
ingly variable as to the perianth; and although the stamens and carpels 
are indefinite in number, the number is small (1-4). A very distinct fea- 
ture of aroids among monocotyledons is the production of broad, net- 
veined, and frequently lobed leaves, which resemble those of dicotyle- 
dons. One of the families is made up of the duckweeds (Lcw«a), which 
are very much reduced aquatic forms. 
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The preceding alliances are the so-called spind alliances, in which 
the floral members are not definitely and constandy of the same num- 
ber. While the floral number three is a feature of monocotyledons, it 
is evident that it does not apply to the spiral alliances in the same sense 
that it does to the cyclic alliances. 

In the following cyclic alliances the almost constant floral formula is: 
perianth 3 + 3f stamens 3+3, carpels 3 (and syncarpous). Further- 
more, the perianth is the conspicuous floral feature rather than bracts, 
and insect pollination is well established. In other words, the real 
flowers of monocotyledons, as ordinarily recogni2ed, belong to the 
cyclic alliances. 

7. Farinales (i i families, 2000 species). — This alliance is in a certain 
sense a transition group between the spiral and cyclic alliances; for al- 
though the cyclic number is established, many of the forms are grass- 
like herbs with bractlike perianth, as in the rushes Quncaceae); but 
there are also forms with showy corolla, as the spiderwort (TradescanHa), 

8. LUiales (9 families, 5000 species). — These may be regarded as 
the representative monocotyledons, with conspicuous and usually regular 
perianth, and well-established insect pollination. Most of the mono- 
cotyledonous flowers of ordinary experience belong here. The group 
shows a distinct development from hypogyny, as in the amar]ilises 
(Amaryllidaceae), to epigyny, as in the flags (Iridaceae). 

The two remaining cyclic alliances are characterized not only by 
epigyny, but also by the extreme irregularity of the flowers. 

9. ScUaminales (4 families, 800 species). — These are the cannas, 
bananas, and gingers of the tropics. One peculiar featiire of the group is 
the so-called false stem, which may be seen in the banana. The stem- 
like structure, which often rises to a considerable height, is built up of the 
heavy and overlapping bases of the leaves. 

10. Orchidales (2 families, 7000 species). — The orchids are notable 
for the great irregularity and showiness of their flowers, and for their ex- 
treme specialization in insect pollination. The number of species runs 
very high, but orchids cannot be regarded as abundant. By contrast- 
ing the 7000 species of grasses and sedges with the 7000 species of 
orchids, it becomes evident that although the species of two groups may 
number the same, the number of individuals may be very different. 
The orchids may be regarded as the culmination of monocotyledons 
in floral structure, and that culmination is expressed by epigyny and 
extreme irregularity. 
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ARCmCHLAMTBBAB 

This vast group contains a maze of forms whose relationships are very 
confusing. Over 61,000 species and 180 families are recognized, which 
are grouped into 26 great alliances. Archichlamydeae include primi- 
tive angiosperms, and although they are prevailingly spiral, the cyclic 
condition, with a definite number in all of the floral members, is estab- 
lished in several of the higher alliances. It would be unprofitable to 
name all of the alliances, for many of them would suggest nothing to 
the elementary student. Some of the more significant will be selected 
for brief description, and the others grouped. 

1-12. (26 families, 5900 species.) — This group of alliances is espe- 
cially puzzling as to relationships. They are regarded as relatively 
primitive forms, and include many of the most common trees, as 
willows, walnuts, beeches, oaks, etc. Many of them were formerly 
grouped as Amentiferae, a name referring to the characteristic fiower 
cluster called amerU or catkin^ a cluster perhaps most familiar in the 
willows and alders. The flowers are naked or have a bractlike perianth, 
the floral numbers are generally indefinite, and wind pollination pre- 
vails. This assemblage does not seem to be related to any of the higher 
alliances. 

13, 14. (11 families, 4070 species.) — This is another apparently iso- 
lated group, including such plants as smartweed {Polygonum)^ pigweed 
(AmaratUkus and Chenopodium)^ pinks (CaryophyUaceae), etc. In 
structure the flowers range from a bractlike perianth to distinct i^pals 
and petals, and are mostly cyclic, three, four, and five being the pre- 
vailing floral nimibers. Insect pollination is established only among 
the pinks. 

15. Randies (16 families, 4050 species). — This is recognized as the 
great genetic alliance, which means that the higher alliances are thought 
to have been derived from it. Familiar families are the crowfoots or 
buttercups (Ranunculaceae), the water lilies (Nymphaeaceae), and the 
magnolias (Magnoliaceae). There is a distinct calyx and corolla; the 
flowers are hypog3mous; and the numerous carpels form separate pistils 
{apocarpous). Although the cyclic number is often evident in the 
calyx and corolla, the stamens and carpels at least usually retain the 
spiral condition and are indefinitely numerous. By some it is thought 
that the Ranales are the most primitive Archichlamydeae, not only 
giving rise to the other dicotyledons, but also to the monocotyledons. 
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i6| 17. (9 famiKes, 2760 species.) — These families are cleariy special 
branches from Ranales, the most specialized one probably being the 
mustards (Cruciferae). 

18. Resales (16 families, 14,270 species). — This is the greatest 
alliance among the Archichlamydeae, including far the largest family 
— the Leguminosae, with over 11,000 species. Another prominent 
family is the Rosaceae, which gives name to the alliance. These two 
families are plainly branches from the Ranales; and among the Legu- 
minosae the flowers become conspicuously irregular. The irregularity 
b of a special type, illustrated by the sweet pea, so that a large part of 
the family is easily recognized. In the development of irregularity in 
connection with insect pollination, the Leguminosae hold the same 
position among Archichlamydeae that the orchids (Orchidaceae) hold 
among monocotyledons. 

19-25. (99 families, 27,358 species.) — This is a tangle of seven 
alliances leading o£F in every direction from the preceding ones, each 
alliance characterized by some special feature. Each one, however, 
gradually becomes more definitely cyclic and approaches the epigynous 
condition. 

26. Umbellalcs (3 families, 2660 species). — This is easily the highest 
of the alliances of Archichlamydeae and it is kept from being included 
among the higher Sympetalae only because it is polypetalous. The 
dominant family is the parsley family (Umbelliferae), and associated 
with it are the dogwoods (Comaceae). The floral formula is definitely 
as follows: sepals 5, petals 5, stamens 5, carpels 2, and this is also the 
most advanced floral formula found among Sympetalae. Associated 
with this high formula is epigyny. Another high character is that the 
flowers are small and massed, the cluster being more or less invested 
by a rosette of bracts (involucre). Apparently as a result of the 
massing of the flowers, the sepals are much reduced, and the whole 
cluster shows more or less division of labor, some flowers (the peri- 
pheral ones) often being more showy, and the others more fertile. 

Stvpbtalab 

This is a much better defined group than the Archichlamydeae, from 
which they are certainly derived. The combination of characters is 
as follows : completely cyclic flower, sympetalous corolla, ovule with 
a single massive integument, and complete absence of wall tissue in 
the ovule (see p. 263). About 42,000 species and 51 families are recog- 
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nized, which are grouped into eight alliances, whose characters and 
sequence are quite evident. 

The first three alliances are called the pentacydic and isocarpic alli- 
ances. The former term means that there are five cycles of floral 
members, the stamens being in two cycles; the latter term means that 
the number of carpels is the same as that of other cycles. The floral 
formula which expressses both of these facts is as follows: sepals 5, 
petals 5, stamens 5 + 5, carpels 5 (syncarpous). These pentacydic 
Sympetalae are most nearly related to the Archichlamydeae, and in 
fact contain some polypetalous forms. They are not very numerous, 
including only about 3500 species. 

1. Ericales (6 families, 1700 species). — The heaths constitute the 
dominant family (Ericaceae), very characteristic of northern latitudes. 
Some of the forms are polypetalous, but they are so related to sym- 
petalous forms that they cannot be separated from them ; and in some 
of the sympetalous forms the stamens are free from the corolla. One 
of the features of the alliance is the characteristic dehiscence of the 
anthers, which is by means of terminal openings in the tubular prolonga- 
tions of the pollen sacs. 

2. Primulales (3 families, 850 species). — Two features of this alli- 
ance, of which the primroses (Primulaceae) are representatives, are 
the opposite stamens and free central placenta. The five stamens 
are opposite the five petals, instead of alternate with them, as is usual; 
but this is explained when it is discovered that the outer cycle of stamens 
is abortive, being represented by rudiments called staminodia. The 
axis of the flower extends into the ovary cavity like a central column, 
and upon it the cauline ovules are developed, a condition which was 
formerly called free central placentation. 

3. Ebenales (4 families, 900 spec es). — These are mostly tropical 
shrubs and trees, represented in our flora by the persimmon (Diospyros). 
As the name suggests, the characteristic family is the ebony family 
(Ebenaceae). It is a curious mixture of primitive and advanced char- 
acters, with frequent lapses into indefinite numbers, especially of stamens. 

The remaining alliances are tetracyclic and anisocarpic. This means 
that there arc usually only four floral cycles, and that the number of 
carpels is not equal to that of the other cycles. The general floral formula 
is as follows: sepals 5, petals 5, stamens 5, carpels 2 (syncarpous). In the 
more primitive alliances the carpels fluctuate between hyQ and two, often 
being four or three. The five tetracyclic alliances fall naturally into 
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two groups, the first three having hypogynous flowers, and the other two 
having epigynous flowers. The hypogynous alliances are as follows : 

4. Gentianales (6 families, 4200 species). — The combination of 
characters that distinguishes this alliance from the next is the uniformly 
opposite leaves and twisted aesHvalion (petals in the bud appearing as 
if twisted around each other). As the name suggests, the gentian family 
(Gentianaceae) is the characteristic representative of the alliance. 
The curious and highly specialized milkweeds (Asclepiadaceae) are also 
included here, characterized not only by their milky juice, but chiefly 
by their elaborately insect-pollinated flowers and pollinia (see p. 258). 

5. Tubiflarales (20 families, 14,600 spedes). — This great alliance 
represents the culmination of the hypogynous Sympetalae, with con- 
spicuous tubular corollas. The flowers range from regularity, as in the 
morning glories (Ipomoea) and polemoniums (Polemoniaceae), to irreg- 
ularity, as in the mints (Labiatae) and figworts (Scrophulariaceae). 
The type of irregularity in this case is called bilabiate^ which means that 
the corolla develops a two-lipped mouth. These Tubiflorales with 
irregular flowers hold the same position in reference to insect pollination 
among Sympetalae that the Leguminosae do among Archichlamydeae, 
and the Orchidaceae among monocotyledons. 

6. Plantaginales (i family, 200 species). — This small alliance, 
comprising the single family of plantains (Plantaginaceae), is charac- 
terized by flowers with a membranous corolla and the cyclic number 
four. Its relationships are obscure, but it is probably a reduction group. 

The two following epigynous alliances represent the culmination of 
Sympetalae, and therefore of angiosperms. 

7. Rubiales (5 families, 4800 species). — The madders constitute 
the characteristic family (Rubiaceae), and associated with it are the 
honeysuckles (Caprifoliaceae). The cyclic number is prevailingly four, 
and there is a strong tendency to aggregate the flowers in close clusters. 

8. Campanales (6 families, 14,500 species). — This highest alli- 
ance is dominated by the great family Compositae (sunflowers, asters, 
goldenrods, dandelions, etc.), which is not only the highest, but the 
greatest of angiosperm families, including at least 12,500 species. It 
adds to its sympetaly epigny, a seedlike fruit {achene), a special de* 
velopment of its sepals as pappus, a complex organization of flowers 
into a head so compact as to simulate a single flower, and usually a 
differentiation of the flowers of a head into those that are showy (the 
peripheral ray fiawers) and those that are fertile {disk flowers). 



CHAPTER V — ORGANIC EVOLUTION 

The morphology of plants, as presented in the preceding chapteis, is in 
reality a somewhat detailed illustration of the evolution of the plant 
kingdom. The theory of descent b the working theory of modem biol- 
ogy, and no student of morphology should omit some consideration of it. 
The subject has developed so extensively that it can be presented here 
only in very brief outline, an outline that may serve as an extended defi- 
nition, and also as an introduction to a real study of organic evolution. 
Many n^mes connected with the doctrine of evolution and many impor- 
tant views in reference to it must be passed over, and only the most con- 
spicuous features presented. 

Definition. — The doctrine of organic evolution claims that the exist- 
ing plants and animals are the modified descendants of earlier forms; 
that in some way new forms have arisen from the old ones, and have 
given rise in turn to still other forms. According to this view, the whole 
plant kingdom, for example, may be likened to a profusely branching 
tree, the tips of whose myriad branchlets represent our present flora. 
The morphologist attempts to trace these branchlets from their tips, 
which he sees, to their connections, which he can only infer. His proofs 
are obtained from the structure and development and behavior of living 
plants, and also from the form and structure of ancient plants, so far as 
they are available in suitable fossil form. His conclusions, it must be 
remembered, are reasonable inferences, and cannot be based upon actual 
demonstrations. It is evident that opinions may differ widely as to the 
actual historical connections of plant groups; but it is practically unani- 
mous that there are such connections. 

The idea of organic evolution is not modem, being in the thought of 
man as far back as records of thought have been found; but it is only 
in modem times that it has been based upon direct observation of the 
facts, that is, has become scientific. It is not necessary to recite the 
facts that underlie the widespread belief in organic evolution, for many 
of these facts, so far as they concern plants, have been given in the 
preceding chapters. To believe in organic evolution, however, is one 
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thing, and to explain it is a very different thing. The well-known 
names associated with the doctrine of evolution often are thought of as 
the names of men who may be called authors of the theory of evolution; 
but they are really men who have proposed explanations of evolution. 
For example, Darwin, perhaps more than any other evolutionist, is 
spoken of as the author of the doctrine of organic evolution; but if his 
explanation and every other explanation should be disproved, the fact 
of evolution would still remain to be explained. No proposed explana^ 
tion of evolution is entirely satisfactory, but biologists are daily becom- 
bg more convinced of the truth of evolution. 

With this distinction between the fact of evolution and its explanation 
made clear, it will be possible to outline briefly the conspicuous expla- 
nations that have been offered. The problem to be solved is how new 
forms may arise from old ones, which is the problem of the origin of 
sp)ecies. 

Environment. — Perhaps the oldest explanation of organic evolution, 
based upon observation, is that plants and animals may be changed 
by their environment. Such facts as the seasonal changes in the plum- 
age of birds and in the covering of mammals, and also the changes in 
plants in relation to their environment, suggested that plants and ani- 
mals are plastic and can be molded by a changing environment. This 
explanation was offered, during the last decade of the eighteenth cen- 
tury, by Erasmus Darwin of England, St. Hilaire of France, and 
Goethe of Germany. It was assumed that any change induced by en- 
vironment would be transmitted to the offspring, to be retained so long 
as the environment remained constant. 

It is evident that organisms respond more or less in certain ways to 
decided changes in the environment, but such direct responses are re- 
garded generally as too superficial and fluctuating to accoimt for the 
production of new forms. The influence of environment, however, 
while insufficient to explain organic evolution, is still recognized as an 
important factor of the problem, whose value may vary widely. If 
there are such things as "ecological spedes," their origin is due by 
definition to environment. 

Use and disuse. — In the early part of the nineteenth century, Lamarck 
offered an explanation of evolution, which he called " appetency," 
meaning the effect of desire. The theory is better known as Lamarck- 
ism, and it has strong defenders, in modified form, to the present day. 
It is really the effect of use and disuse. It is well known that persistent 
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use develops such an organ as a muscle, and that persistent disuse causes 
it to dwindle and to lose its power of functioning, leading eventually 
perhaps to abortion or even to suppression. If this law is conceived of 
as applying to every organ of a plant or an animal, the results might be 
as deep-seated and general as could be demanded by the origin of new 
forms. 

According to this theory, the use or disuse of an organ is determined 
by the environment. A change in the environment might shift the de- 
mands upon the different organs, and so build up or modify some and 
allow others to degenerate, resulting in a different kind of plant or animal. 
This process is sometimes called " adaptation," the idea being that plants 
and animals can " adapt " themselves to fit their environment. La- 
marck used the neck of the giraffe as one of the striking illustrations of 
his theory. He imagined that a grazing animal, thrust into an environ- 
ment where feeding upon the foliage of trees became more or less neces- 
sary, would call upon its neck in such a way that it would become some- 
what elongated; and that the gain in length secured by any individual 
would be transmitted to its offspring, so that generations of such animals 
would gradually build up the enormously elongated neck of the modem 
giraffe. Such a result would mean the transmission of smaU changes 
acquired during the lifetime of an individual, and the possibility of such 
transmission is now generally disbelieved. 

The three factors recognized by this theory are (i) a changing environ- 
ment, (2) the effect of use and disuse, and (3) the inheritance of acquired 
characters. The first two factors are evidently important, but they are 
of no avail in producing new forms, according to Lamarck, imless the 
third factor operates. 

natural selection. — The explanation of organic evolution by means 
of natural selection is more widely known than any other evolutionary 
theory. Its announcement in 1858 by Charles Darwin and the appear- 
ance in 1859 of his book entitled Origin of species by means of natural 
selection introduced a new epoch in scientific thought and method.. 
Modem biology, in a very real sense, may be said to date from this 
book, and what is called Darwinism has dominated it for nearly fifty 
years. The enormous mass of facts, obtained from world-wide obser- 
vations and prolonged experiments, was organized in such a convincing 
way to support the theory that only wider observation and more careful 
experiment could make it appear unsatisfactory. In fact, the theory of 
natural selection as presented by Darwin led to a wide acceptance of 
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the doctrine of evolution. Whether the theoiy stands or faUs as an 
explanation of the origin of spedes, its supreme importance in the 
history of biology demands that it be understood by all students of 
plants and animals The bare outline of the theory is as follows: 

The theoretical " ratio of increase " of plants and animak is far be- 
yond their actual increase. If an annual plant should produce two seeds, 
and each seed should " fulfill its mission," there would be two plants 
in the second season, four in the third, eight in the fourth, and so on 
in geometrical ratio, until in comparatively few years there would be 
many millions of descendants from a single individual, enough to popu- 
late the whole earth. If this ratio of increase be applied to the myriads 
of plants and animals of many kinds, the result would be a tremendous 
competition for space and food, a competition which has been called 
" the struggle for existence." Since in general the number of adult 
plants and animals is no greater in one season than in the preceding, it 
is evident that the " struggle " results in a tremendous destruction of 
individuals. This leads to the striking conclusion that " death is the 
rule, and life the exception." 

In considering this enormous waste of living forms, Darwin concluded 
that the survivors of the " struggle " must be better situated or equipped 
than their less fortimate fellows, and that the competition resulted in 
what Spencer afterwards called " the survival of the fittest," which is 
another way of saying " the destruction of the unfit." 

The idea that two plants from the same parent might be differendy 
equipped, led to the observation of the facts of variation. No two 
individuals of the same species, even from the same parent, are alike 
in every detail; and the variations rang^ from very minute ones to very 
large and striking ones. It was concluded that there must be a selection 
from among these variants of those best suited to the conditions of living. 
There was no attempt at this time to search for the cause of variation; 
it was simply accepted as a fact which makes evolution possible. 

The actual demonstration of the use that can be made of variations 
was obtained by Darwin from the operations of plant and animal breed- 
ers, who had long changed plants and animals under domestication. 
Some of these changes had been so extensive that it was difficult to be- 
lieve that the wild form and the highly cultivated form were the same 
species. In fact, had they both been found growing wild they would 
probably have been described as two species. The process of the 
breeders was to select from the variants those which best smted their 
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purpose, and to continue this selection generation after generation. It 
was found that this continuous selection gradually built up the selected 
characters, imtil the desired result was obtained. This could well be 
called the origin of new forms by artificial selection; that is, selection 
directed by man. 

Darwin concluded that there is a process similar to this going on in 
nature. Innumerable variants are constantly appearing, in numbers 
beyond any possibility of their continuance. The more suitable ones 
are selected by nature for survival, the means of selection being '^ the 
struggle for existence." This selection continuing from generation to 
generation, the favorable variations would be perpetuated and increased, 
and eventually the variation might become so great that it could be re- 
garded as standing for a new species. The very appropriate name given 
to this process is natural selection, and its method consists in the slow 
building up of small variations, in a given direction determined by the 
environment, to one great enough to cross the boimdary of the parent 
species. 

Although natural selection is certainly operative in the destruction of 
certain forms and the preservation of others, it is thought by many 
to be doubtful whether this process can result in the production of new 
species. Some of the reasons for this doubt that have been urged are 
as follows: 

(i) It is generally believed that acquired characters are not inherited; 
and if so, it is thought that the small variations exhibited by individuals 
would not be passed on to their progeny with any certainty. An ac- 
quired character is one that is " taken on " by the individual during its 
lifetime, and is no part of its parental inheritance. The variations 
claimed to be used by natural selection, however, are probably inherited 
for the most part, and can hardly be included among acquired characters; 
so that this objection is not a serious one. 

(2) It is claimed that the slight variations used by the theory of nat- 
ural selection cannot be extended by continuous selection beyond the 
boundary of the species; in other words, that there is a limit of variation 
for each species, which cannot be passed by variations of this type. 
Such variations are commonly spoken of as fluctuating variations, and 
the amount of fluctuation varies in different species. It is claimed that 
with all the centuries of artificial selection by plant and animal breeders, 
the species boundary has never been crossed by this process. 

(3) It is recognized that the forms improved by artificial selection 
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are inconstant. If a plant which has been built up in certain characters 
by culture be left to nature, it reverts or " runs back," and its descend- 
ants soon lose the characters of cultivation and resume those of the 
ancestral stock. It is evident that the establishment of a new species 
demands constancy in the built-up characters. The only answer to this 
objection is that the characters for which man selects are not those for 
which nature selects; and therefore the inconstancy in nature of a plant 
built up by culture is no proof that a plant built up by natural selec- 
tion would be inconstant in nature. 

(4) It is also urged that many forms and organs continue to exist 
which are in no sense " adapted." If nature is selecting suitable indi- 
viduals and organs, that is, those '' adapted " to their environment, and 
is destroying those that are not, why do so many of the latter sur- 
vive ? There are so many cases of this kind, that the selection by nature 
does not seem to be based upon the suitability of an individual or an organ. 

(5) Perhaps the most serious objection to the theory is that it de- 
mands a selection among such slight variations that one can hardly 
be conceived of as having any decided advantage over another, really 
a " life and death advantage." If broad leaves are of advantage to a 
certain species growing under certain conditions, selection among indi- 
viduals with broad and narrow leaves would seem to be easy; but the 
theory demands that the selection be made before the broad leaves are 
built up, and continue during the slow process of building. In other 
words, the advantage given by a completed structure is not evident dur- 
ing the process of building up; but natural selection is supposed to be 
directing this building up on the basis of a distinct advantage from 
generation to generation. To select among completely equipped indi- 
viduals is one thing ; but to select so that individuals may .become 
equipped is a very different thing. 

Mutation. — In 1901 Hugo DeVries offered an explanation of the 
origin of species, which he called mutation. He had observed in one 
of the few vacant fields in Holland an evening primrose {Oenothera 
Lamarckiana), which had been introduced from the United States. 
Among the numerous individuals he found some so unlike the ordinary 
form that he was compelled to regard them as distinct species, and in- 
quiry showed that they had never been described. Plants of O. La- 
marckiana and of the new species were removed to the garden at 
Amsterdam and studied through many generations. 

It was found that when thousands of seeds of O. Lamarckiana were 
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genmnated, there would appear among the seedlings a few that were 
very different from the others. These few being brought under culti- 
vation developed into individuals with all the marks of species distinct 
from the parent. Moreover, they " came true," generation after gen- 
eration, which is regarded as the final test of a species. In this way 
O. Lamarckiana was observed to give rise to several new species, in 
some cases the same species appearing repeatedly. Not all of these 
suddenly produced species would have survived in nature, but some of 
them had already stood this test in the vacant field. This immediate 
appearance of a fully equipped new species, without any intermediate 
stages or any building up by selection, DeVries called mutation, the 
forms thus produced being mutants. The r61e of natural selection in 
this case is not to produce species, but to select among those already 
produced. It is evident that a mutant is simply a large variation, such 
as are called " sports." 

DeVries investigated the results of plant breeders, as Darwin had 
done, and distinguished between improved forms and really new forms. 
The former evidently arose from the continuous selection of small varia- 
tions, and were always inconstant. The very few new forms produced 
were constant, and, so far as records of their pedigree were available, 
were found to have arisen in each case from some individual that had 
suddenly appeared among the cultures. In other words, new forms 
were found, not produced; and when found, they remained constant. 
Naturally DeVries concluded that all the new and permanent forms that 
have appeared in connection with plant breeding have been mutants, 
and have not been built up by continuous selection. 

It is entirely unknown whether this mutating condition is of general 
occurrence. Cultures of plants and animals are being carried on by 
numerous investigators, and the results may indicate presently whether 
mutation is to be regarded as a general method in the origin of species 
or as only an occasional one. It is becoming more and more evident 
that new species may have arisen in several ways, perhaps including all 
the methods heretofore suggested, and certainly including some that 
remain to be discovered. Whether mutation stands or falls as an 
explanation of evolution, the most important contribution of DeVries to 
evolutionary science is its transfer from the field of observation and 
comparison to the field of experimental work. 

Orthogenesis. — Natural selection utilizes small variations in building 
up new species, and mutation calls large variations species. In both 
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cases the parent organism is supposed to give rise to progeny that vary 
in every direction, the successful direction to be determined by natural 
selection. This has been called indeterminate variation. In tracing 
the evolution of great groups, however, it becomes clear that the impor- 
tant variations occur in certain definite directions, which have been 
maintained persistently throughout all possible changes of condition. 
For example, the history of such a group as gynmosperms shows a ten« 
dency to vary in certain definite directions that has persisted from the 
eariy Paleozoic to the present time. What is true of the tendencies 
that result in great groups, has also been foimd to be true in many cases 
of related species. In other words, there is much to indicate that while 
variation may be indeterminate, there are also certain definite and pre- 
determined lines that persist. This origin of new forms (whether by 
natural selection or mutation or neither), as the result of a persistent 
determinate variation, is called orthogenesis . It certainly removes one 
of the greatest difficulties in the way of natural selection, and that is 
the beginning and development of a structure that can be of advantage 
only when completed. It satisfies also the many known cases of 
excessive development in certain directions, a development that may 
be not only disadvantageous, but even destructive. 

Even if determinate variation is accepted as a fact, however, what 
determines the persistent variation? The answer to this question has 
resulted in many variations of the theory of orthogenesis. In the earlier 
development of the theory, it was perhaps natural to explain it by means 
of a mysterious principle inherent in organic life, " an inner directive 
force " that persistently makes for progress. Of course such an " ex- 
planation" could not satisfy modem biologists, who prefer to believe 
that determinate variation is occasioned by external factors; but it is still 
very uncertain how these external factors operate, and even what they are. 

It should be noted that natural selection, mutation, and orthogenesis 
are not mutually destructive. They all deal with variations, and may 
all be operative in producing new forms. Natural selection deals with 
fluctuating variations, which are small and in every direction; mutation 
with large variations, which are large and in every direction; and 
orthogenesis with those small or large and relatively few variations which 
for some reason persist and increase from generation to generation and 
carry forward the group as a whole. 

Weismannism. — The theories of Weismann have strongly favored 
Darwin's theory of natural selection by supporting it at its weakest points. 
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The theoiy of panmixia attempts to explain how organs degenerate, 
which natural selection cannot explain unless the abandoned organs are 
injurious. Natural selection is assumed to select favorable structures 
and make them still more favorable, but not to eliminate structures 
that have simply become useless. According to Weismann, when selec- 
tion ceases to operate upon a certain organ because it has become useless 
under new conditions, individuals with this organ poorly developed will 
no longer be at a disadvantage and therefore will survive. The crossing 
of individuals with this organ in all stages of effectiveness will result in 
the next generation in lowering the general level of efficiency, and the 
organ as a whole will appear degenerate. This general mixing, which 
lowers the average of efficiency, is called panmiopia. It is impossible to 
explain, however, how panmixia could lead to a continuous degeneration 
of the organ involved. 

Weismann's theory of germinal selection (1895) is one of the most in- 
genious speculative explanations of the beginnings of variation and of 
determinate variation (orthogenesis) that has been proposed, neither of 
which natural selection seemed able to explain, for it can operate only 
upon variations that have been carried forward to the point of distinct 
advantage, and it cannot carry forward a variation in spite of changing 
conditions. Weismann differentiated between somatic protoplasts, 
which give rise only to the vegetative cells of the plant or animal body, 
and germ protoplasts (" germ-plasm "), which give rise to the reproduc- 
tive cells. The nuclei of the protoplasts contain large numbers of 
imaginary living units (biophores)^ and these units are organized into 
groups (determinants) which determine the character of the cell. Each 
kind of somatic cell is supposed to be produced by a certain kind of 
determinant ; but a germ cell contains all the determinants that belong 
to all the cells of the body. The structure of the offspring depends 
upon the determinants that are favored in development, and this at first 
seems to be a matter of chance in food supply. There results a 
" struggle " among determinants, and a " germinal selection." The 
stronger determinants that become established in the germ-plasm, how- 
ever, are handed down generation after generation, and therefore a 
variation once begun may continue until it can be laid hold of by nat- 
ural selection, or may even continue as the persistent determinate varia- 
tion recognized by orthogenesis. 

Ingenious as this explanation is, it must be stated that it rests upon no 
demonstration, and that there are serious objections to it. 
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Isolation. — The importance of isolation in the formation of species 
is variously estimated, but that it is at least of great assistance seems 
evident to those best acquainted with species in nature. If a group of 
individuals possessing a certain variation were associated with a larger 
number of closely related individuals not possessing it, the uiterciossing 
of the two groups might obliterate the distinction. On the other hand, 
if the varying group were isolated from all of its near relatives, so that 
there could be no intercrossing, the variation would be far more likely 
to persist and increase. In other words, a variation that otherwise 
might disappear may be established by isolation. 

The term isolaiian usually suggests geographical or topographical 
isolation, which is perhaps the most effective kind. Migration dis^ 
tributes individuals widely, and the various barriers that segregate them 
into distinct groups are well known and need not be enumerated. The 
general tendency to dispersal inevitably leads to more or less isolation, 
and it seems probable to many that most species have been finally estab- 
lished in this way. In any event, it is evident to those familiar with the 
geographic or topographic position of species in reference to one another 
that this kind of isolation is a factor of very great importance in their 
determination. It does not produce them, but it gives them an oppor- 
tunity. 

There is also recognized what is called biologic isolation, which means 
that such variations may occur among closely related individuals that, 
although they may be associated in one habitat, they become incapable 
of crossing. This may result from a difference in the season for fertili- 
zation, in some structure that prevents crossing, or in various other ways. 
At present, this kind of isolation does not stand out as a factor in the 
determination of species so distinct and effective as does geographic 
isolation. 

Mendel's law. — It is evident that whether new species arise by the 
cumulative results of natural selection acting upon small variations, or 
by the occasional sudden appearance of wide variations, a still more 
fundamental problem is to explain variation, which is one of the features 
of heredity. The study of heredity, therefore, which is fundamental to 
all evolutionary doctrine, is being prosecuted to-day with remarkable 
vigor. Conspicuous among the recently developed doctrines of heredity 
is MendePs law, so called because it was first announced by Gregor 
Mendel, an Austrian monk. Mendel's publication of fifty years ago fell 
on sterile ground and passed into oblivion, until it was brought to light 
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in recent years by scientific plant breeders, DeViies among others. 
It is impossible to give an adequate account of Mendeilsm in this con- 
nection, for it has become so extensively developed that only the special 
investigator can follow its ramifications. Some conception of it may be 
obtained, however, from the simplest possible illustration. 

In the study of heredity the use of hybrids enables the investigator to 
observe more distinctly the characters of each parent as they appear in 
the progeny. Using a very simple hybrid, Mendel's law may be illus- 
trated as follows, with the help of the accompanying diagram. 




Let A and B represent two species of plants that are crossed; then one 
of the hybrid plants that result may be represented by AB, which in- 
dicates a mixture of the characters of the two parents. When AB pro- 
duces progeny, the hybrid will " split " in the following ratio: one fourth 
pure i4, one fourth pure B, and one half the mixture AB. In the next 
generation the A and B plants will produce only A and B plants, and so 
on through successive generations; but the AB plants (hybrids) will 
produce offspring that split the characters in the same ratio as before, 
and so on. It is evident that this provides incidentally a test for hybrids, 
and that in the case of a hybrid there is a splitting and the separation of 
a certain proportion of the parent plants. It was this test that DeVries 
applied to his evening primrose, and as it did not ** split " in many 
generations, he was convinced that he was dealing with a pure species. 

It can be understood that such simple hybrids as the one used in the 
illustration do not represent the general situation in nature or under 
culture; but they serve to illustrate the fundamental feature of Mendel's 
law, which is that a hybrid in the second generation splits up in some 
definite ratio. It is not clear that all hybrids behave in this way; that is, 
some of them may not be Mendelian hybrids; but the law is prevalent 
enough to be used as the basis of very much scientific plant breeding and 
of experimental work related to evolution. 

Heredity. — A phase of heredity has been presented under Mendel's 
law, but the general subject should be considered briefly. Heredity 
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is the most difficult and perhaps the most important pioblem in biology. 
It means the transmission from parent to offspring of a similar structure, 
a transmission that involves fimdamental resemblances with differences 
in detail. The possible machinery of heredity has been observed, but 
the factors controlling and determining the product are elusive as yet. 
Little more can be done than to state the problem. 

In the simplest plants and animals every cell has the power of repro- 
ducing the whole organism. In the more complex plants and animals 
this power is restricted, being retained only by the reproductive cells. 
It is evident, therefore, that the reproductive cells possess a very primitive 
power, a power that the other cells have lost. Reproductive cells are 
to be thought of not as cells that have acquired some special power, but 
as cells that have retained a primitive power that once belonged to all 
cells. All other kinds of ceUs may reproduce their own kind, but a 
reproductive cell can reproduce the whole organism. 

Reproduction is not simply cell multiplication, but also cell differentia- 
tion, and the organization of differentiated cells into organs, and of 
organs into the complete organism. Reproductive cells have been made 
to multiply cells imder artificial stimulus; but it is this far-reaching direc- 
tive power that has baffled investigation. 

Any theory of heredity must explain not only likeness to the parent, 
but also variation from the parent and from every other individual, 
which is individuality. It must explain ancestral likeness, which is 
often called " atavism "; and also the sudden appearance of new char- 
acters, which after all may be very old ones. In short, the mass of obser- 
vations awaiting explanation by some law of heredity is enormous. 

The student of plant morphology is familiar with the general organiza- 
tion of a living cell. He has learned to recognize in the nucleus the prob- 
able machinery of heredity; and in the chromosomes the particular 
nuclear structure whose behavior suggests a definite relation to heredity. 
The mingling of paternal and maternal chromosomes in the fertilized 
egg is the beginning of a series of changes that must be followed even- 
tually; but as yet the particular chromosomes are lost to sight, and their 
fate is followed only by inference or imagination. Later, male and 
female chromosomes are recognized again, but only to function in re- 
production, and their varying influence in determining the structure of 
the individual remains unknown. 
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Cellulose, 299, 359; "reserve," 390. 
Central body, blue^reen algae, 5. 
Central cylinder, 124. 
Centripetal succession, flowers, 256. 
Ceratozamia, megasporophyll, 197. 
Chaetophora, 26. 
Chalaza, 266, 269. 
Chalaaogamy, 268. 
Chantransia, 58. 
Chara, apical cell, 42; habit, 41; aex oiguu» 

43- 

Charalea, 4X. 

Chemical stimuli, 438. 

Chemotaxy, 447. 

Chemotropism, 473; fungi, 473; poDen 

tubes. 474- 
Chlamydomonas, 13. 
Chlamydospore, 81. 
Chlorenchyma, 366. 
Chlorophyceae, 15. 
Chlorophyll, 2, 367. 
Chlorophyllin, 367. 
Chloroplast, 207, 366, 376, 430. 
Chlorovaporization, 330. 
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Giromosomes, 32, 51, 60, 92, 170, 275. 

Ch3rtridiales, 63. 

Chytridium, 63. 

Cilia, 445 ; in action. 446. 

Cinchonin, 4x5. 

Cirdnate vernation, 159, 163, 176, 

Citric add, 4x4. 

Citrus, oil receptacle, 340. 

Cladophora, 26, 27 ; walls, 308, 

Cladosiphonic, 159. 

Clavariales, 87. 

Ckistocarpae, 120. 

Cleistothedum, 74, 75. 

Clinostat, 462. 

Gosterium, J7, j9. 

Club mosses, 122. 

Clustercup, 83, 84, 

Cocain, 4x5. 

Coccus, II. 

Codein, 415. 

Codonotheca, 184. 

Coenocytes, 26, 27, 33, 34, 35, 36, 62. 

Cohesion theory, 351. 

Cold, cause of death, 483. 

Coleochaete, j/, 32. 

Coleoptile, and starch grains, 465. 

Colony, blue-green algae, 6 ; green algae, 17, 

21. I 

Columella, Anthoceros, xo8, log; black mold, 

67, 68; mosses, 113, xx8, up, 120. 
Companion cells, 243; rdle, 394. 
Compass plants, 478. 
Concentration, 304. 
Concentric bundles, 125, 161. 
Conceptade, 50. 

Conducting system, 393 ; origin, 341. 
Conducting tissue, in style, 260. 
Confervales, 24 ; condusions, 33. 
Conidia, 65. 74* 75- 
Coniferales, 212. 
Conjugales, 37 ; condusions, 40. 
Conjugation, 16, 38, 3Q, 40. 
Contact movements, 454. 
Coprinus, 88, 8g. 
Coral fungi, 87. 
Corallina, 55. 

Cordaitales, 203, 204, 20s, 206. 
Cork, cambium, 240; cells, 240; rftle, 318. 
Com, section of stem, 243, 
Coraaceae, 280. 
Com smut, 81. 
Corolla, 252, 253. 
Correlations, 441. 
Cortez, angiosperms, 239, 240, 242; gymno- 

spexms, 192, JQ4, 2Iq; kelps, 48; pteri- 

dophytes, 124, 725, 745, 15Q, 160, 161, 162. 
Crossing of pollen, 268. 
CtoBsotheca, 184, 



Ciyptogams, z8o. 

Cup fungi, 71. 

Cupressineae, 220. 

Cupules, 98, 00. 

Curvatures, growth, 458 ; nastic, 442. 

Cuscuta, haustorium, 382. 

Cutin, 299. 

Cutleriaoeae, 49. 

Cyanophyoeji^ 4. v 

Cyatheaceae, 156. 

Cycadales, X90. 

QrcadeUa, 185. 

(^cadeoidea, habit, 185; strobQus, 186, 187, 

188; ^ynangia, 180. 
Cycadofilicales, x8i. 
Cycadofih'ces, i8x. 
Cycas, habit, 100; microsporophyll, igs; 

mega^>orophyll, 10/7; male gametophyte^ 

100; emhryOt 202. 
Cystocarp, itf, 57, 50. 
Cytase, 400. 
Cjrtoplaan, 2, 297. 

Dacromycetales, 86. 

Dacrydium, male gametophyte, 217, 

Daily period, 436. 

Death, 480. 

Decay, 385. 

Deformities, 440. 

Dendroceros, xo6. 

Dermatogen, 239, 240, 247, 463, 

Desmidiaceae, 37. 

Desmids, 37. 

Desmodium, leaflets, 433- 

Determinants, 291. 

Development, 417. 

Dextrinase, 400. 

Diageotropism, 467. 

Diaphragm, water feroa, 175. 

Diastase, 399. 

Diatomin, 53. 

Diatoms, 52, 34. 

Dichotomous, branching, 40 ! venation, 159, 

163, 164. 
Dicotyledons, 238; classification, 279; 

embryo, 271 ; vascular system, 243. 
Dictyotales, 55. 

Diffusion, 302, 304, 393 ; rate, 304. 
Digesti(Mi, 397 ; extra-cellular, 398. 
Dioedous, 30, 105. 
Dioedsm, 30. 
Diooaea, 386, 387. 
Dioon, embryo sac, igo! habit, ip/; ovule. 

108; staminate strobUus, loS- 
Dioscorea, ocella, 470* 
Discomycetes, 72. 
Disease, 482. 
Disk flowera» 28a. 
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Dodders^ 472. 
Dorsiventraltty, 437. 
Doryoordaites, 204, 
Dotted ducta» 241, 243. 
Double fertilixatioa, 269. 
Downy mildews, 65. 
Droaera, 387* 454» 

Ear fungi, 86. 

Earth 8tar, 90. 

Ebenales, 281. 

Ecology, 295. 

Ectocarpua, 45. 

Ectoplaat, 306. 

Efficiency, 371. 

Egg, thallophytea, 17, iS, 19, 28, 30, 32, 36, 
SI, 64; bxyophytes, 96, 107, 118; pteri- 
dophytes, /jo, /j/, 140, 154. 168, 179; 
spermatophytes, 198, 216, 217, 226, 265, 
266, 269. 

Egg apparatus, 263. 

Eichhomia, megaqpore tetrad, 263. 

Elaterophore, 103. 

Elaters, 100. 

Electric waves, 438. 

Electrotropism, 479. 

Eligulatae, 132. 

Embryo, angiosperms, 271, 2/2, 273, 274, 
27s; Botrycfaium, 153, 134; Equisetimi, 
149; ferns, 168, 169; gymnosperms, 189, 
200, 201, 202, 211, 212, 218, 225, 226, 227, 
^36, 237; Isoetes, 141; Lycopodium, 130, 
131; Selaginella, IJ7. 

Embryo sac, 197, 198, 199, 234, 261, 264, 265, 
266. 

Endarch, 157. 

Endodermis, 240. 

Endogenous, 250 ; root branches^ 248. 

Endosperm, 202, 211, 223, 270. 

Endothedum, antherst 257, 238, 259; bryo- 
phytes, 95, p7, 99, 108, 113, 115, 118, 119. 

Energy, 368 ; absorbed, 370. 

Entomophthorales, 68. 

Environment, 284. 

En^sones, 39 ; carbohydrate, 399 ; fat, 400 ; 
glucoside, 400 ; protein, 401. 

Ephedra, archegonia, 233; embryo, 236, 
237; habit, 228; male gametophyte, 235. 

Epidermis, angiosperms, 239, 240, 242, 248, 
250, 251, 319; btyophytes, 94* 98, 109, 
118, 120; pteridophytes^ 145, 160, 161. 

Epigyny, 255. 

Epinasty, 442. 

Epistrophe, 450. 

Epithem, 332. 

Equilibrium, position of, 463. 

Equisetales» 143 ; conclusions, 149. 

Equiaetum, 143 ; antheridium, 148; embiyo, 



149; gametophyte^ 147; habit, 144; 

sporangium, 146; stem section, 143. 
Eigot fungus, 77. 
Ericales, 281. 
Eiysiphaceae, 75. 
Eiysiphe, haustorium, 381. 
Etiolin, 367. 
Eudorina, 17, 18, 
Euglena, 20. 
Eumycetes, 62. 
Euiotium, 74. 
Euaporangiatfts 126. 
Evaporation, 323. 
Evolution, 283. 
Exarch, 157. 
Excitability, 434. 
Exine, 147, 258. 
Exoascus, 71. 
Exobasidiales, 86. 
Exogenous, origin of branches, 419. 
Exudation, 332, 333; cause, 335. 



Fagus, mycorhiza, 382. 
Farinales, 278. 
Fat enzymes, 400. 
Fatigue, 432. 
Fats, 360, 391. 

Fermentation, 385, 409; acetic, 411; alco- 
holic, 409; but3rric, 411 ; lactic, 410. 
Ferns, 155. 
Fertilization, gymnosperms, 201, 21Z, 215, 

217, 225, 226, 23s, 268, 269; mosses, xi6; 

pteridophytes, 136, 168 ; thallophytes, 18, 

28,66. 
Ficus, leaf skeleton, 343, 
Filament, of anther, 256, 237, 
Filicoles, 155. 

Filidneae, 155 ; conclusions, 170. 
Filmy ferns, 155. 
Flagella, 445. 

Flagellates, 20. • 

Florideae, 55. 
Flower, 180, 251. 
Flowering plants, 180. 
Fluorescence, 370. 
Flytrap, 386, 387- 
Food, 356; and growth, 363; source of 

energy, 363 ; storage, 388 ; translocation, 

388. 
Foot, bxyophsrtes, 100, 103, 108, J09, Z13, 

114; pteridophytes, 130, J31, 137, I4h 

149. iS4» 168. 
Formaldehyde, 360. 
Form and light, 437. 
Formative stimuli, 435. 
Fragmentation, blue-green algae^ 7. 
Friction, as stimulus* 470. 
Fronds* ZS9« 
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Fructose, 359. 

Fruits* loas of, 355. 

Fucales, 49. 

Fucus, fertilization and embryo^ 52; habit, 

40; 9a organs, so, 5/. 
Fulii^ aethalium, 3 ; Plasmodium, 2. 
Function, 297 ; unit of, 298. 
Fungi, 6x ; diemotropism of, 473. 

Galls, 3P4, 440. 

Gametangium, 4S, 46. 

Gamete, 16, //, 22, 2j, 2s, 46, 49. 

Gametophyte, 32 ; thaUcphytes, 52, 60, 85 ; 
liverworts, 92, pj, 97, loi, 103, 106; 
mosses, ixx, 115; pteridophytes, 127, 128, 
131, 14/, 148, 153, 165, 166, 167; female, 
jjtf. 140, 174, irSf 178, i/Q, 196, I99» 205, 
210, 211, 214, 216, 223, 232, 234^ 264, 26s, 
266; male. 135, 140, 174, I75» I7S» too* 
20s, 206, 2x0, 21S, 2ir» 223. 224, 23Sf 267, 

Gases, diffusion, 302 ; entiy and exit, 322 ; 
ezdusion, 318 ,* from sboot, 352. 

Gasteromyoetes, 89. 

Geaster, 90. 

Gemmae, 98, X04, 1x7. 

Generative cell, ipp, 224, 26/, 

Gentianales, 282. 

Geotazy, 450. 

Geotropism, 459 ; lateral, 467. 

Geranium, section of cortex, 240. 

Germinal selection, 291. 

Gill, of mushrooms, 88, ^p. 

GiU fungi. 88. 

Ginkgo, leaf, 207; female gametophyte, 
211; ovule, 210; pcoembryo, 212; stro- 
bili, 2o8t ^00' 

Ginkgoales, 207. 

Girdles, leaf trace, 193, 104, 

Girdling, 347. 

Glands, geranium, 337; form, 338; Syiinga, 
33S; nectar, 330; resin, 340, 

Gleba, Gasteromyoetes, 90. 

Gleichenia, sori, ij6; stele, I50> 

Gldcheniaoeae, 155. 

Glochidia, 174, 173- 

Gloeocapsa, 5. 

Gloeotheoe, 5. 

Glucose, 359, 375- 

Gluooside enzymes^ 400. 

Glumales, 276. 

Glumes, 277. 

Gnetales, 228. 

Gnetimi, embryo, 236 ; female gametophyte, 
234; ovule, 234; strobili, 231, 232. 

Gonidia, 19. 

Gradient, 304. 

Grand period, 421, 422. 

Grape mildew, 66. 



Gravity, movements, 455 ; nastic curvatures, 

443- 
Green algae, X5. 

Growing point, angiosperms* 239, 240, 247, 
Growing regions, 422. 
Growth, 417; curvatures, 458; and food, 

363; and light, 43s; movements, 457; 

rapidity, 424; and tianquration, 326; 

and turgor, 3x0. 
Guard cells, 25/, 320, 
Gulfweed, 52, 5j. 
Gums, 413. 
Guttation, 332; artificial, 333; in fungi, 

333; nightly, 333. 
Gymnosperms, x8o, 181. 

Haustorium, fungi, 61, 381, 398; poUen 

tube, 20X. 
Heat, cause of death, 483 ; from respiration, 

407. 
Helminthostacfays, 149; habit, 131, 
Helobiales, 276. 
Helotism, 382. 
Helvellales, 71. 

Hemerocallis, nectar c^d, 33Q, 
Hemitelia, sporangium, 37. 
Hepaticae. 93. 
Herbarium mold, 74. 
Heredity, 293. 
Heterangium, 182. 
Heterocysts, 7, 8, o- 
Heterogamy, 17. 
Heterospoty, 132, 133, 134. 
Heterotrophic plants, 362, 380. 
Hippuris, stem tip^ 240, 418. 
Homospory, 134. 
Hormogonia, 8. 
Horsetails, 143. 
Host, 6x, 38X. 

Humidity, and transpiration, 329. 
Hybrids, 268, 293. 
Hydnaceae, 88* 
Hydnum, 88. 

Hydrodictyon, 21, 22, 23, 445, 
Hydropteridineae, 170; oondusionSk 179. 
Hydrotropism, 475. 
Hymeniimi, 71. 
Hymenogastrales, 90. 
Hymenomycetes, 86. 
Hymenophyllaceae, 155. 
Hymenophyllum, sorus, Z56, 
Hyphae, 6x. 
Hypogyny, 255. 
Hyponasty, 442. 
Hjrpophysis, 271, 273. 

Imbibition, 300. 

Impatiens, geotropic curvature, 461. 
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Income, material, 397. 

Induaum, 156, 157, 163, 165, 172, 17s, 177' 

Injury, 440 ; mechanical, 48a. 

Insectivorous plants, 386. 

Integument, 183, 196, 205, 209, 2/0, 3i3» 

214, 230, 232, 233, 261, 280. 
Intemodes, 41, 145. 
Indne, 147, 258. 
Inulase, 400. 
Inulin, 391. 
Invertase, 400. 
Involucre, 280. 

Irregularity, flowers, 256, 278, 280, 282. 
Irritability, 426 ; loss of, 434. 
Isocarpic flowers, 281. 
Isoetes, embryo, 141; gametophytes, 140; 

habit, 138; sporangia, ijp. 
Isogamy, 16. 
Isolation, 292. 

JungermannialeSk xoi; oontnit with Mar- 
chantiales, 105. 

Laboulbenialea, 77. 

Lactic fermentation, 410. 

Lactuca, root hairs, 312. 

Lagenostoma, 182. 

Laminariaceae, 47. 

Laminaria, 46, 

Latez S3rstem, 396. 

Leaf, angiosperms, 2S0f 251; fall of, 354; 
gaps, 159; gymnosperms, ipo, ip/, jp2, 
I93t 203, 204, 207, 208, 220, 229; liver- 
worts, loz, 104; mosses, ///, 112, 116; 
pteridophytes, 122, 133* 138, 150* iS'* 
158, Z63, 164, 17' > n6: traces, 125, 192, 

194- 
Leafy liverworts» loi. 
Ledthins, 360. 

Leguminosae, 280 ; idatioD to nitzogen, 379. 
Lenticel, 240, 241. 
Leptosporangiates, 162. 
Lessonia, 48. 
Leucoplast, j9p. 
Lichens, 78, 91. 
Life, 408. 
Light, exposure to, 370; and form, 43:7; 

and growth, 435; and nastic curvatures, 

443 ; photoQyntbesis» 368; position, 478 ; 

source of, 372. 
Ligulatae, 132. 

Ligule, Lycopodiales, 132, 134^ 1317, 13Q, 141. 
Lilialcs, 278. 
Lily, anther section, 230; leaf epidermis* 

251; leaf section, 230, 319, 
Liquids, 302. 
Liverworts, 93. 
Locomotion, 444. 



Lycoperdales, 90. 

Lycoperdon, 90* 

Lycopodiaoeae, oondusions, 133. 

Lycopodiales, 122. 

Lycopodium, 122 ; antheridium, 129; arche- 
gonium, 130; embryo, 131; gametophsrte, 
127, 128, 129; habit, I23t 134; sporan- 
gium, 725, 126; stele, 125. 

Lyginodendron, stem section, 182, 

Lygodium, sporangium, 157. 

Lyngbya, 6. 

Macrocystis» habh, 47. 

Malic add, 414. 

Maltase, 400. 

Manubrium, 43. 

Maple sap, 334. 

Maiattia, embryo, 169; habit, 158; leaflet, 
164. 

Maiattiaoeae, 155; antheridium, z66; spo- 
rangia, 160. 

Marchantia, 98, 99, too, 43$, 

Marchantiaceae, 97. 

Marchantiales, 93; contrast with Junger- 
manniales, 105. 

Marsilea, female gametophyte, 179; habit, 
176; male gametophyte, 178; spoiocarp, 

177- 
Marsileaceae, 176. 
Massulae, water ferns, 173, 1/5. 
Material income, 297. 
Material outgo, 323. 
Mechanical stimuli, 439. 
Medulla, kelps, 48. 
Medullosa, 182. 
Megaceros, 106. 
Megasporangium, 134, 135, 139, 172, 173^ 

174> 177* i6j, 262, 263. 
Megaspore, 13s, 172, 196, 262. 
Megasporocarp, 171, 172, 
MegasporophyU, 135, 197. 
Members, 297. 
Membrane, cell wall, 306.; cytoplasmic, 

306 ; impermeable, 305 ; permeable, 305. 
Mendel's law, 292. 
Merismopedia, 6, 
Meristem, 133 ; primary, 419 ; secondary, 

419. 
Meaarch, 157. 
Mesembryanthemum, origin of lateral root, 

420. 
Mesocarpaoeae, 38. 
Mesophyll, 250. 

MetaboUsm, 402 ; destructive^ 403. 
Metazylem, 157, 241. 
Micellae, 300. 
Microcycas, 201. 

409. 
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Micropyle, 183, 261. 

Microsphaera, 75, 76. 

Microsporangium, 134, 135, jjp, 172, 173, 
1/4, 177, 184, 189, 20s, 220, 257, 2SS» 250. 

Microspore, 135, 175, 

Mioosporocarp, 171, 17a, 173, 174. 

MicrosporophyU, 135, igs^ 214, 220, 237. 

Middle layers, anthers, 257. 

Mildews, 75, 76. 

Mimosa, leaf, 432. 

Misdble, 303. 

Mooadetphous sfamrna, 255. 

Monoblepharis, 64. 

Monocotyledons, daasification, 276; em- 
bryo, 273, 274, 275; vascular system, 244, 
245t 246. 

Monosiphonous, algae, 45. 

Moonwort, 149, 130. 

Morchefla, //. 

Morel, 71. 

Morphin, 415. 

Morphogenic stimuli, 435. 

Morphology, i, 295. 

Mosses, no. 

Mother cell, 127. 

Motor organs, 451. 

Movement, 417 ; amoeboid, 444 ; autono- 
mic, 433; of cell organs, 430; ciliary, 445, 
446; contact, 432, 434; excretory, 445! 
gravity, 455 ; growth, 457 ; leaf, 455. 456; 
nyctitropic, 45^; paratonic, 454; photeo- 
Hc, 455, 456; turgor, 451, 457. 

Mudlage, blue-green algae, 6. 

Mucor, &7, 68, 6q, 433. 
.Muoorales, 67. 

Muscarin, 415. 

Musd, no. 

Mushrooms, 87. 

Mutation, 288. 

Mutualism, 382. 

Mycelium, 6x. 

Myoetozoa, 2. 

Myoorhiza, 74, 382, 383. 

M}rriophyllum, stem section, 320. 

Myzobacteriaceae, 14. 

Narcotin, 4x5. 
Nastic movements, 431. 
Nasties, 432. 
Natural selection, 285. 
Nectary, 33Q. 
Nemalion, 36. 
Neottia, mycorhiza, 383. 
Nepenthes, leaf, 383. 
Nephrodium, sperm, 444, 
Nereoc3rstis, 47, 48. 
Nest fungi, go. 
Niootiana, flower, 233. 



Niootin, 415. 

Nidularialea, 90. 

Nitella, 42. 

Nitrogen, source of, 378. 

Nodes, 41, 145. 

Nostoc, 7, 8. 

Notothylas, xo6, 108. 

Nuoellus, 183. 

Nucleus* 6, J3, z6, 297, 

Nutation, 423, 424. 

Nutrition, 356. 

Nutritive mechanism, in ovule, 266. 

Oedogonium, 27, 2q, 30, 

Oil receptacle, 340. 

Oils, essential, 413. 

Ontogeny, 295. 

Oogonium, 27, 28, 30, 31, 36, 

Oomycetes, 62. 

Ooplasm, 66. 

Oosphere, 17. 

Oospore, 18. 

Operculum, 113, / 14, 119, 120. 

Ophioglossales, 149 ; conclusions^ 154. 

Ophioglossimi, 149 ; habit, 130; sporangium.' 

15^. 153- 

Orchidales, 278. 

Organ, 297. 

Organized bodies, structures, 300. 

Organogeny, flowers, 256. 

Orthogenesis, 289. 

Orthotropic organs, 459. 

Orthotropous ovules, 261, 

Osdllatoria, 6, 7. 

Osmosis, 302, 305. 

Osmotic pressure, 309. 

Osmunda, sporangium, 156; stele^ 162. 

Osmundaceae, 155. 

Outgo, material, 333. 

Ovary, 260. 

Ovule, 183; angiosperms, 260, 261; gym- 
nosperms, 196, 1Q7, 198, 205, 206, 209, 210, 
213, 214, 221, 222, 232, 233, 234. 

Oxalic add, 414. 

Palisade, leaf, 230, 251, jig, 

Palmales, 277. 

Palmella, 26. 

Pandanales, 276. 

Pandorina, 17. 

Panicum, ooleoptile^ 465. 

Panmixia, 29] . 

Pappus, 282. 

Parallelotropic organs, 458, 460. 

Paraphyses, 30, 31, 117. 

Parasite, 61, 381 ; injury by, 383. 

Parasitism, 381. 

Paratonic movements, 454. 
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Pannelia,/^. 

Paithenogaiesia, 40, 64, z6o» 275. 
Peach curl, 71. 
Pecopteris, seeds, 183. 
Pediastrum, 27, 22. 
PeUngooium, capitate haira, jj/. 
Pellia, thallus, loi. 
Pdlionia, starch grains, 38Q. 
PenidUium, 74. 
Pentacydic flowers, 281. 
Peony, flower, 252. 

Perceptive region. 430, 463, 4^5$ 477» 479. 

Poianth, 252. 

Periblem, 239, 240, 24/. 

Pericentral cell, 59, 60, 

Pericyde, 241. 

Periderm, 419. 

Peridineae, 54. 

Pttidium, 90. 

Perigyny, 255. 

Perinium, 144* i47» 174. i75- 

Periplasm, 66, 

Perisperm, 270. 

Perithedum, 76, 77, 78, 

Peronospora, 67. 

Peronosporales, 65. 

Persistence, 457. 

Petal, 252. 

Petioles, sensitive, 47a. 

Peziza, 72. 

Pezizales, 71. 

Phaeophyoeae, 44. 

Phaeosporales, 45. 

PhaUales, 91. 

Phanerogams, 180. 

Pbaseolua, in darkness, 457; leaf movements, 
456. 

Phellogen, 240, 419. 

Phloem, 124, J45, 394. 

Phosphorus, source of, 379. 

Photeolic movements, 455, 456. 

Photos3mthesis, 363; jKOcess, 375; prod- 
ucts, 373. 

Phototaxy, 449. 

Phototropism, 475. 

Phycocyanin, 4. 

Phycoerythrin, 55. 

Phycomycetes, 62 ; condusioos» 69. 

Phycophadn, 44. 

Phycoxanthin, 44. 

Phylloglossum, 131, 132. 

Phylljsiphonic, 159. 

Phybgeny, 295. 

Physcia, 78. 

Physiology, 295. 

Phytophthora, 66. 

Pileus. 87, 88, 8q. 

Pilobolus, 68, J33, 



Pilulaiia, 176. 

Pinaoeae, 219. 

Pine, archcgonium, 223; embryo^ 226; 
male gametophyte, 224; needle, 220; 
pollen, 221; pollen tube, 223; stem sec- 
tion, 2zg; strobili, 220, 221; wounded, 

395- 
Pbtil, 253, 234, 260. 
Pitcher plants, 383, 386. 
Pith rays, 150. 
Pitted vessels, 241. 
Placenta, 260. 

Plagiotiopic oigans, 458, 466, 478. 
Plantaginales, 282. 
Plasmodium, 2. 
Plasmolysis, 309. 
Plasmopara, 66. 
Plectascales, 74. 
Plerome, 239, 240, 247. 
Pleurocarpae, 121. 
Pleurococcus, 20, 21. 
Plowiightia, 76. 
Plum pockets, 71. 
Poa, penetrated by fungus, 381, 
Podocarpineae, 212. 

Podocarpus, 212 ; microsporophylls, 214. 
Poisons, 484. 
Polarity, 440. 
Pollen, 199 ; chamber, 183, 108* 210; diemo- 

tropism of, 474; sac, 260; tube, 201, 211, 

216, 2i7t 223, 233, 268, 26Q. 
Pdlination, 268. 
Pollinium, 259. 
Polyembiyony, 275. 
Polyhedra, 23. 
Polymorphism, rusts, 83. 
Polypodiaceae, 156; antheridtum, 167; 

sporangia, 162. 
Polyporaceae, 88. 
Polyponis, 88. 
Polysiphonia, 58, 5p, 60. 
Poly^iphonous, algae, 45. 
Polystde, 157. 

Poljrstichum, qwrangium, 332. 
Pore fungi, 88. 
Porella, 103, 104, 103. 
Porogamy, 269. 

Portulaca, photeolic movements, 433, 
Postelsia, habit, 48. 

Potamogeton, escape of gas bubbles, 377, 
Potato rot, 66. 
Presentation time, 434, 461. 
Pressure, atmospheric, 350; barometric, 

^329; diffusion, 304 j root, 349. 
Primary tuberde, Lyoopodium, 127. 
Primuliiles, 281. 
Procarp, 3^* 59f ^• 
Proembryo, cycads, 200, 20J, aoa ; Ginkgo^ 
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ai2; Tomyti, ii8; Pinus, 99$, 226; 
Ephedis, 236, 23ff; angioBpeRns, 971, 

Progeotropisn, 460. 

Promyoelium, 83. 

Proaenchynui, 112. 

Protective tissues, 318. 

Proteiii etu^mes, 401 . 

Proteins, 361, 391 ; synthesis of, 377. 

Prothallial tubes, Tumboa, 935. 

ProthAllium, 165, z66. 

Protoascales, 70. 

Protobasidiomyoetes, 81. 

Protococcales, 20 ; conclusions, 34. 

Protodiscales, 71. 

Protonema, 115, ti6. 

Protoplast, 7, 997 ; woik of, 298. 

Protosiphon, 34. 

Protostiele, 125, 157, 759. 

Protoxylem, 157, 941. 

Pseudopodium, slime molds* 2; mosses, 

113,114, 115* 
PsUotales, 142. 
PsUotum, 142, 143. 
Pteridophytes, 122. 
Pteris, stem section, 161. 
Pucdnia, 82, 83, 84, 85. 

Puffbal]s,90- 

Pulque, 334. 

Pulvinus, 452. 

Puislane, photeolic movements, 4SS» 

Putrefaction, 355i 4zz- 

Pycnidia, 83. 

Pycnidiospores, 83. 

Pyrenoid, 16, jp, 40. 

Pyrenomyoetales, 75* 

Pyiooema, ji, 73* 

Quillworts, Z38. 

Radial bundles, 248* 240, 

Ramentum, 185. 

Ranales, 279. 

Ranunculus, nectar gland, 33Q; root section, 

24Q. 

Ray flowers, 282. 

Reaction, mechanism, 431 ; modes, 428 ; 

time, 433. 
Receptacle, flower, 253 ; M archantia, 99. 
Red algae, 54. 
Regular flowers, 256. 
Reproduction, 481. 
Resins, 413. 
Respiration, 423; aerobic and anaerobic, 

404; products, 406: rftle of oxygen, 

406. 
Reversible action, 399. 
Revolution, twiners, 468. 



Rheotropism, 473. 

Rhipsalis, chloroplasts^ j^tf. 

Rhixopus,67. 

Rhodophyceae, 54. 

Ricda, pj, Q4t QS» ptf, 07- 

Ricciaceae, 93 ; oondusioiis, 96. 

Ricdocarpus, 93. 

Ridnus, endosperm cell, 302; stem section, 
242,346. 

Ringlcas ferns, 155. 

Rivularia, 8, 9. 

Rockweed, 49. 

Root, angiospenn, 247, 248, 24Q; branches, 
248; cap, 246, 247, 465; (fusion from, 
353 ; effect on soil, 315 ; hairs, 247, 248, 
312 ; permeable regions, 31X ; "pressure," 
336; pteridophytes, 122, 130, 15/, /J7, 
141, 163, 168; system, 311 ; tip, 247. 

Roiipa, rootcap, 465. 

Rosales, 280. 

Rotation, dinostat, 462; t?dner, 468. 

Rubiales, 282. 

Rusts, 82, 83, 84, 85. 

Saccharomycetes, 70. 

Saccharose, 359. 

Sac fungi, 70. 

Sagittaria, embiyo, 273, 274, 273. 

Salix, megasporangium, 262, 

Salts, and transpiration, 325; and water- 
proofing. 317. 

Salvinia, 171. 

Salviniaceae, 171. 

Sap pressure and turgor, 311. ' 

Saprolegnia, 64. 

Saprolegniales, 63. 

Saprophytes, 2, 61, 384. 

Sargassum, 52, 53 

Sarracenia, 386. 

Scalariform vessels, 241, 244, 

Scale mosses, loi. 

Scenedesmus, 21, 

Sceptridium, 149. 

Schizaeaceae, 155. 

SchoEomycetes, la 

Schizophyceae, 4. 

Schisopl^es, 4. 

Sdtaminales, ,278. 

Sderodermales, 90. 

Sderotium, 2, 77. 

Scouring rushes, 143. 

Scytonema, g. 

Secondary zylem, 241, 344, 34$, 

Secretion, 332, 337 ; emission, 338. 

Sedum, stoma, 320. 

Seeds, 180, 182, 183^ j88, i8q, 2x2, 232; 
loss of, 355. 

Seed plants, x8o. 
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Sdaginella, 132 ; archegoiiiuin, /J7/ cmbiyo, 
137; female gametopl^rte, 136; habit, 
133; sporangia, 134; spores, 135, 

Selection, variable, 307. 

Selective action, 307. 

Sensitive plants, 439. 

Sepal, 252. 

Seta, 700, /or, 103, /04, 105, 113, ti6, zao. 

Shoot, permeable regions of, 311. 

Sieve plates, 242, 243. 

Sieve vessels, 242, 243; rftle, 394. 

Silphium, fertilization, 26q: male gameto- 
phjrte, 267; microsporangium, 258, 

Siphonales, ^i ; conclusions, 37. 

Siphonostele, 133 ; amphiphloic» 157, t6o; 
ectophloic, 157, 162. 

Sleep movements, 455. 

Soil, 312 ; capacity for water, 313 ; effect of 
roots, 3x5 ; water of, 313. 

Solids, 302. 

Solutes, 303 ; entiy of, 316 ; natuxal, 503. 

Solution, 300, 303. 

Solvent, 303. 

Soredia, 79. 

Sonis, 156, 163, 165. 

Spadix, 277. 

Spathe, 277. 

Spectrum, absorption, 368, s6q. 

Sperms, 17 ; thallophytes, 18, ip, 28, 30, 36, 
43* SO, 5-?. 56; biyophytes, 92, P5» 102, 
112, 117; ptcridophytes, 128, 129, 135* 
140, 148, 167, 178, 444* gymnosperms, 

IQQt 201, 21 X. 

Spermatium, red algae, 56 ; rusts, 83. 

Spermatophytes, 180. 

Spermatozoid. 17, 56. 

Spermogonium, lichen^ 79 ; rusts* 83, 

Sphacelaria, 46. 

Sphaerella, 13* 

Sphaerocarpus, 10$. 

Sphaeroplea, 27, 28. 

Sphaerotheca, 75. 

Sphagnales, xio; conclusions, 114. 

Sphagnum, antheridia, 112; archegonia, 

113; gametophyte, izi; habit, ZJ2, 113; 

leaf, ///; sporophytes, 113, 114. 
Sphenophyllales, 143. 
Sphenophyllum, 143. 
Spiral vessels, 241, 243, 
Spirillum, //. 

Spongy region, leaf, 250, 251. 
Sporangiophore, 143, 146, 333, 
Sporangium. 3 ; thallophytes, 3, 27, 45, 58, 

SOf 67, 68; pteridophytes, 125, 126, 133, 

134. 130^ 142, 143. 144* 146, 152, 153* '56, 

157. 160, 163, 164, 165, 352. 
Spores, 3, 16, 62, 147. 
Sporidia, 83, 



Sporocarp^ tyz, 172, trs, ^4* T^, ^77' 

Sporogonium, 95. 

Spoiophores, 62. 

Sporophylls, 122. 

Sporophyte, 32; thallophytes, 32, 60, 84; 
biyophytes, 9a, 95, 07, 99, 'oo, loi, 103, 
J04, 105, Z08, lOQ, 113, 114, 1x5, 116, iz8, 
iiQ, J 20; pteridoph3rtes, 122, 132, 138, 
143, 149, 156, 171, 176; gymnosperms, 181, 
185, X91, 203, 207, 213, 320, 229. 

Spirogyia, jp. 

Sprout chains, yeast, 70, 71. 

Squirting fungus, 68. 

Stalk cell, 200. 

Stamens, 183, 184* 186, 187, ios» 205, 208, 
213, 2i4» 220, 221, 2J0, 231, 252, 253, 2Sfs 
257. 

Staminodia, 281. 

SUrch, 3s8, 375, 389^ 

Starch grain, j9p. 

Statolith theoiy, 464. 

Stegocarpae, 121. 

Stele, 124, 239, 241. 

Stem, angiosperms, 239^ 

Stemonitis, 3. 

Sterigmata, 80, 8q, 

Stigeodonium, 26. 

Stigma, 260. 

Stigmatomyces, 78. 

Stigonema, 10. 

Stimulus, 426; chemical, 438; formative, 
435; mechanical, 439 ; morphogenic, 435 ; 
tonic, 449. 

Stink horns, 91. 

Stipe, mushroom, 87. 

Stomata, X09, 146, 250, 251, 319^ 320, 327; 
regulation of, 327. 

Stomium, 164. 

Stoneworts, 41. 

Storage, 388. 

Straightening, twiners, 469^ 

Strains, sexual, 68. 

Streaming, 444, 451. 

Strobilus, 122 ; pteridophytes, 124, 132^ 133, 
1 44! gymnosperms, 186 , 187, 188, 189* 
192, I03t t05f 196, 204, 205t 206^ 208, 20Q, 
213, 214, 220, 221, 222, 228t 22Qt 230, 23It 
232; theory of, 123. 

Stroma, chloroplasts, 367 ; fungi, 76, 77, 

Style, 260. 

Substratum, fungi, 61. 

Sugar, 390; cane, 359; fruit, 359; gnpe, 

359. 
Sulfur, source of, 379. 
Summation, 432, 462. 
Sundew, 387, 454. 
Sunflower, nutation, 424. 
Suspensor, angiosperms, 271, 272, 273, 274; 
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gymnospenns, 202, 218, 236, 227^ 237; 
Mucor, 68, 60; pteridoph3rt^ 130, 131, 

137- 
Swarm spores, 16, 445. 
Swelling, 300. 
Swimming spores, 16. 
Sjrmpetalae, 239 ; classification, aSo. 
Sjrmpetalous corolla, 355. 
Sympetaly, 255. 
Symphyogyna, loi. 
Synangium, 161, 164, 
Synanthales, 277. 
Sjmcarpous instils, 255. 
Syncarpy, 255. 
Synchytrium, 63. 
Synsepalous calyx, 255. 
Syringa, leaf gland, 338; leaf xylem, 343. 

Tannins, 414. 

Tapctum, 126, 153, 164, 174, I77» aS7, 238, 
259. 

Tartaric add, 414. 

Taxaceae, 2x2. 

Taxic movements, 431. 

Taxies, 432, 446. 

Taxineae, 212. . 

Taxodineae, 220. 

Taxus, 213 ; microsporophyll, 214, 

Telegraph plant, 453. 

Teleutospore, 82, 83. 

Temperature, and death, 483 ; and nastic 
curvatures, 443 ; and photosynthesis, 372 ; 
and transpiration, 330. 

Tendrils, 469. 

Tension of tissues, 425. 

Terpenes, 413. 

Te^ 183. 196, 205, 209, 313. 

Tetanus, 432, 433. 

Tetracyclic flowers, 281. 

Tetrasix>res, 55, 5p, 60. 

Thallophytes, x. 

Thelephorales, 87. 

Theobromin, 4x5. 

Thermotropism, 479. 

Thigmotropism, 469. 

Thuja, archegonium complex, 222. 

Tmesipteris, habit and sporangia, 143. 

Toadstools, 87. 

Tobacco, flower, 233. 

Tolypothrix, g. 

Tone, 434. 

Tooth fungi, 88. 

Torreya, archegonium, 215; embryo, 218; fe- 
male gametophyte, 216; fertilization, 2/7; 
male gametophsrte, 217; microsporophyll, 
214; strobilus, 2/j, 214, 

Trabeculae, 130. 

Tracheae, 24X, 243. 342, 344, 345- 



Tracheids, iso, 220, 341, 244, 34a, 343. 

Tradescantia, root tips, 247. 

Translocation of food, 388 ; rhythmic, 396. 

Transmission of stimuli, 430. 

Transpiration, 321, 323 ; facton^ 339 ; and 
growth, 326 ; and salts* 325. 

Traumatropism, 47a. 

Tree ferns, 156. 

Trehalase, 400. 

Tremellales, 86. 

Trichogyne, 56, 57, 80. 

Trichomanes, sporangia, 136, 

Triple fusion, 270. 

Tropaeolum, nectary, jjp. 

Tropic movements, 431. 

Tropisms, 432, 458. 

True mosses, 115. 

TruflBes, 74. 

Twiners, 467. 

Tube cell, 199. 

Tuberales, 74. 

Tubiflorales, 282. 

Tumboa, embryo, 236 ; female gametophsrte, 
234 ; "flowers," 230; habit, 22q; strobi- 
lus, 22Q. 

Turgidity, 308. 

Turgor, 309 ; and growth, 310 ; movements, 
45 ii 457 ; rigidity from, 310. 

Ulothrix, 24, 25. 

Ulva, 26. 

Umbellales, 280. 

Umbelliferae, 280. 

Undnula, 7$, 76. 

Uredinales, 82. 

Uredo, 84. 

Uredospore, 82. 

UrostyU, movement of dUa, 446, 

Use and disuse, 284. 

Usnea, 7q. 

Ustilagiiiales, 8z. 

Vacuole, 2^7. 

Vascular anatomy, Bennettitales, 185; 
Coniferales, 219; Coidaitales, 303 ; Cyca- 
dales, 193, 194; Cycadofilicales, 181, 182; 
Dicotyledons, 242, 245; Equisetum, 145; 
Filicales, 156, 139, 160, 161, 162; Ginkgo, 
207; Gnetales, 339; Isoetes, X38; Lyoo- 
podium, 124, 125; Monocotyledons, 244, 
245 i Ophioglossales, 149 ; root, 247, 240; 
Sdaginella, 133. 

Vaucheria, 34, J5, 36. 

Vegetative multiplication, algae, 6, 10; 
mosses, 116. 

Velum, Isoetes, 139; mushrooms, 89. 

Vida, geotropic root curvature, 461, 

Volva, mushrooms, 88. 
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Volvocda^ 15. 
Volvos, 18^ /p. 

Wastes, 413. 

Water, ascent, $ig; capQlaiy aaoent, 314; 
continuity, 501 ; and death, 483 ; entry, 
316 ; exudation, 332 ; immigiation, 308 ; 
influx, 335 ; loss, 331 ; migration into roots, 
314 ; movement, 341 ; and plants, 299, 
311 ; raw material, 366 ; relationa, 301 ; 
soil, 3x3 ; solvent, 393. 

Water ferns, 170. 

Water molds, 63. 

Water proofing, 317, 3x8. 

Weber's law, 448. 

Wetsmannism, 290. 

Welwitscbia, 228. 

Wheat, aleurone grains, jo?. 

Wheat rust, 82, 83, 84, 85. 

White rust, 65. 

Witch brooms, 71. 

Wood, heart and sap^ 347. 



Xanthophyll, 367. 
Xenia, 271. 
Xylaria,77. 

Xylcm, 124, 241, 342, 343, 344, 34S: water 
path, 347. 

Yeast, 70 ; fermentation, 410. 

Zamia, embryo^ 200, 201 ; habit, 193; sta- 
men, XQS; stem section, 194; stxobilus, 
196, 

Zonal development, 254. 

Zoospore, 16, 22, 23, 25, 26, 28, 2q, 50, J2, 34, 

35,45- 
Zygnema, 38, 40. 
Zygnemaoeae, 38. 
Zygomorphic flowers, 256. 
Zygomycetes, 67. 

Zygoqwre, 16, 17, 22, 23, 25, 38, 3Q, 40. 
Zygote, 16. 
Zymase, 410. 
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INTRODUCTION TO POLITICAL 

SCIENCE 

By JAMES WILFORD GARNER, Ph. D., Professor of 
Political Science, University of Illinois 



THIS systematic treatise on the science of government 
covers a wider range of topics on the nature, origin, 
organization, and functions of the state than is found 
in any other college textbook published in the English lan- 
guage. The unusually comprehensive treatment of the various 
topics is based on a wide reading of the best literature on the 
subject in English, German, French, and Italian, and the 
student has opportunity to profit by this research work through 
the bibliographies placed at the head of each chapter, as well 
as by means of many additional references in the footnotes. 
^ An introductory chapter is followed by chapters on the 
nature and essential elements of the state; on the various 
theories concerning the origin of the state ; on the forms of 
the state ; on the forms of government, including a discussion 
of the elements of strength and weakness of each ; on sov- 
ereignty, its nature, its essential characteristics, and its abiding 
place in the state; on the functions and sphere of the state, 
including the various theories of state activity ; and on the 
organization of the state. In addition there are chapters on 
constitutions,, their nature, forms, and development; on the 
distribution of the powers of government; on the electorate; 
and on citizenship and nationality. 

^ Before stating his own conclusions the author gives an im- 
partial discussion of the more important theories of the origin, 
nature, and fonctions of the state, and analyzes and criticises 
them in the light of the best scientific thought and practice. 
Thus the pupil becomes familiar with the history of the science 
as well as with its principles as recognized to-day. 
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EDUCATION IN THE 
UNITED STATES 

Edited by NICHOLAS MURRAY BUTLER, Prendcnt 
of Columbia University, in the City of New York 



THE frequently expressed need for a book giving a 
complete view of American education in outline is satis- 
factorily met in this volume entitled ** Education in the 
United States." 

^ The volume consists of the twenty careful monographs, 
each written by an eminent specialist, on various phases of 
American education, which were originally planned as part 
of the American educational exhibit at the International Ex- 
positions held at Paris in 1 900 and at St. Louis in 1 904. 
^ The introduction by the editor sets forth the underlying 
principles governing American educational activity to the 
present time. Among the authors of the various monographs 
are: Commissioner Draper of the State of New York, the 
late Dr. William T. Harris, formerly Commissioner of Edu- 
cation of the United States, Dr. Elmer Ellsworth Brown, 
Dr. Harris's successor in the Commissionership, Professor 
Edward Delavan Perry of Columbia University, Professor 
Andrew F. West of Princeton University, Piesident M. Carey 
Thomas of Bryn Mawr College, etc., etc. 
^ The subjects of the monographs include such important 
topics as Educational Organization and Administration, Train- 
ing of Teachers, School Architecture and Hygiene, Profes- 
sional Education, Education of Defectives, and Summer 
Schools and University Extension. 

^ For the benefit of teachers, reading circles, and classes in 
universities, colleges and normal schools, each monograph 
will be published separately at zo cents and will be furnished 
in quantities at $1 5.00 per hundred (net). 
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ON METEOROLOGY 



ELEMENTARY METEOROLOGY . . . . I1.50 

By FRANK WALDO, PI1.D., late Junior Profascr in 
the United States Signal Scnrice 



IN this book, embodying the latest phases of the science, and 
the most approved methods of teaching, the treatment, 
as far as practicable, is inductive. The fact that meteor- 
ology is largely an observational study is kept constantly in 
mind. The student is introduced to rational methods of 
investigation, and taught to observe weather conditions, to 
account intelligently for successive changes in the weather, and 
to make intelligent predictions for himself. Special chapters 
are devoted to the meteorology of the United States, in which 
the work of the Weather Bureau is clearly explained. The 
charts and illustrations are an important feature. 



OBSERVATIONS AND EXERCISES ON THE 

WEATHER I0.30 

By TAMES A. PRICE, A.M., Inttructor in Phyuographj 
in High School, Fort Wayne, Ind. 



THIS laboratory manual is intended to supplement the 
recitation work in physical geography and meteorology 
in secondary schools. It consists of a blank weather 
record covering forty days, to be filled in by the pupil from his 
own observations of the thermometer, barometer, hygrometer, 
weather gauge, clouds, winds, etc. Following these tables 
is a series of ingeniously devised exercises whereby the pupil, 
from the observation and study of his weather record, is led 
to deduce many of the general principles of meteorology. 
The instruments necessary for the observations are few and 
inexpensive. 
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AN ELEMENTARY TEXT- 
BOOK OF THEORETICAL 

MECHANICS 

By GEORGE A. MERRILL, B.S., Principal of the 
California School of Mechanical Arts, and Director of 
the Wilmerding School of Industrial Arts» San Francisco 

1 1. 50 



MERRILL'S MECHANICS is intended for the upper 
classes in secondary schools, and for the two lower 
classes in college. Only a knowledge of elementary 
algebra, plane geometry, and plane trigonometry is required 
for a thorough comprehension of the work. 
^ By presenting only the most important principles and 
methods, the book overcomes many of the difficulties now 
encountered by students in collegiate courses who take up 
the study of analytic mechanics, without previously having 
covered it in a more elementary form. It treats the subject 
without the use of the calculus, and consequently does not 
bewilder the beginner with much algebraic matter, which 
obscures the chief principles. 

^ The book is written from the standpoint of the student 
in the manner that experience has proved to be the one 
most easily grasped. Therefore, beyond a constant endeavor 
to abide by the fundamental precepts of teaching, no one 
method of presentation has been used to the exclusion of 
others. The few necessary experiments are suggested and 
outlined, but a more complete laboratory course can easily be 
supplied by the instructor. 

^ The explanation of each topic is followed by a few well- 
chosen examples to fix and apply the principles involved. A 
number of pages are devoted to the static treatment of force, 
with emphasis on the idea of action and reaction. Four- 
place tables of the natural trigonometric functions are included. 
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DESCRIPTIVE 
CATALOGUE OF HIGH 
SCHOOL AND COLLEGE 

TEXT-BOOKS 

Published Complete and in Sections 



WE issue a Catalogue of High School and College Text- 
Booksy which we have tried to make as valuable and 
as useful to teachers as possible. In this catalogue 
are set forth briefly and clearly the scope and leading charac- 
teristics of each of our best text-books. In most cases there 
are also given testimonials from well-known teachers, which 
have been selected quite as much for thdr descriptive qualities 
as for their value as commendations. 

^ For the convenience of teachers this Catalogue is also 
published in separate sections treadng of the various branches of 
study. These pamphlets are endded : English, Mathematics, 
History and Poliucal Science, Science, Modern Languages, 
Ancient Languages, and Philosophy and Education. 
^ In addition we have a single pamphlet devoted to Newest 
Books in every subject. 

^ Teachers seeking the newest and best books for their 
classes are invited to send for our Complete High School and 
College Catalogue, or for such sections as may be of greatest 
interest. 

^ Copies of our price lists, or of special circulars, in which 
these books are described at greater length than the space 
limitations of the catalogue permit, will be mailed to any 
address on request. 

^ All correspondence should be addressed to the nearest 
of the following offices of the company : New York, Cincin- 
nad, Chicago, Boston, Adanta, San Francisco. 
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